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UMBS Research Experiences for Undergraduates “Climate Change in the Great Lakes Region” 

  

 

Projects available for 2022 (last updated February 18) 

Additional projects will become available, so please check back frequently (choices listed on your application are 

not binding). 

 

1. UMBS forest ecosystem study 

Chris Gough and Kayla Mathes, Virginia Commonwealth University and Chris Vogel, University of 

Michigan 

 

Forests of northern Michigan provide several essential ecosystem 

services, including climate regulation through the sequestration of 

carbon dioxide. Our collaborative team conducts research on the 

scientific underpinnings of forest carbon sequestration, with a 

particular emphasis on how disturbance, canopy structure and 

composition, and age affect the capacity of the region’s forests to 

sequester carbon.  

We conduct this research in a variety of settings, including a 20-

year experimental forest with a long-running carbon "flux" tower, 

two landscape-scale experimental disturbances in which >10,000 

trees were stem girdled, a pair of long-term chronosequences with stands from 20 to >200 years old, and an 

experimental manipulation of disturbance severity in which tree mortality ranges from 45 to 85 %. 

REU collaborators on the UMBS Forest Ecosystem Study team have numerous research options. Some 

examples include: 1) disturbance, climate, and forest age effects on carbon cycling; 2) mechanisms 

supporting carbon sequestration stability following disturbance; and 3) ecosystem structure-carbon cycling 

relationships. 

 

2. Interaction of stream flow and benthic organisms 

Paul Moore, Bowling Green State University 

Stream flow is the primary abiotic factor influencing stream 

ecosystem function. Physical forces associated with the flow can 

affect in-stream organisms such as crayfish and macroinvertebrates. 

However, natural systems have increasingly been under siege through 

flow alterations in the form of dams, land use, and extreme 

precipitation events (storms and droughts) due to climate change. An 

understanding of the direct and indirect pervasive effects associated 

with the natural flow regime is crucial to identifying and predicting 

responses of organisms (and by extension ecosystem processes) to 

flow alterations. How organisms respond to flow can also enhance our 

interpretation of any evolutionary adaptations to flow. All of this is vastly important when we 

consider human influence on natural systems in the context of global climate change. 

My lab takes a broad approach to aquatic ecology in lakes and streams. We have done projects on 

predator-prey interactions with bass and crayfish, social behavior in crayfish, ecotoxicology in flowing 

and stagnant systems, and aquatic habitat restoration. Students working with the lab will get the chance to 

design projects on a variety of areas addressing the effects of climate change on aquatic ecology. For 

instance, an REU student could conduct an in-depth examination of the response of benthic organisms 

(e.g. caddisflies, mayflies, and stoneflies) and/or crayfish to changes in stream flow regime (velocity, 

magnitude or rate of change, drought, etc.).  

http://www.people.vcu.edu/~cmgough/
http://lsa.umich.edu/umbs/people/staff/csvogel.html
http://lsa.umich.edu/umbs/people/staff/csvogel.html
https://www.bgsu.edu/arts-and-sciences/biological-sciences/faculty-and-staff/alphabetical-listing/paul-moore.html
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3. Climate-induced forest disturbance and biogenic volatile organic compounds 

Steve Bertman, Western Michigan University 

 

The forests of northern Michigan have undergone much change in the 

last 100 years. Currently regrowing from widespread clearcutting, they are 

strongly affected by the changing climate. Future species distribution will 

depend on how temperature and soil moisture change in the next several 

decades, and emissions of biogenic volatile organic compounds (BVOC) 

into the atmosphere will depend on species distribution. BVOC drive the 

atmospheric chemistry that determines the composition of the atmosphere 

near the earth’s surface. For example, production of tropospheric ozone, a 

potent greenhouse gas, is strongly affected by the amount and the mixture 

of BVOC emitted into the atmosphere. Surveys of white pine saplings in 

the UMBS forests have determined that intermediate forest disturbance 

influences the physiological response of BVOC production. The limited 

range of disturbance currently available hampers the strength of 

conclusions that can be drawn. We will look at BVOC composition in paired plots with a prescribed level of 

disturbance. An REU student would collect samples from different species in all the plots and measure the 

concentrations using GC-MS. 

 

4. Climate change and watershed hydrology at UMBS  

Katy Hofmeister, Michigan Technological University  

Water is an essential part of all ecosystems. It connects 

terrestrial and aquatic systems, carrying energy, nutrients, and 

pollutants from the landscape to streams, rivers, and lakes. 

Water availability, timing, movement, and chemistry can be 

influenced by a variety of factors operating at spatial scales that 

range from local (e.g., forest stands) to global (e.g., climate 

change) and short (e.g., storm events) to long (e.g., multi-year 

precipitation patterns) temporal scales. REU students have the 

opportunity to explore how disturbance (e.g., forest harvest, 

climate change) influences groundwater, streams, and inland 

lakes. This work can take several directions and include 

investigating how changes in climate have influenced precipitation patterns and lake levels using long term 

precipitation, climate, streamflow and Douglas Lake level measurements. We can address questions related to 

whether inland lake levels are in a high or low cycle, what the primary drivers of water levels are, and if 

precipitation or air temperature patterns have changed as a result of climate change.  

REU students will also have the opportunity to utilize a forest harvesting experiment to explore questions 

related to how ground and surface water availability and movement respond to landscape disturbances. We 

can take soil, ground, and surface water samples across a gradient of forest management activities to explore 

the spatial patterns of water availability and chemistry. We can explore how land cover influences ground 

and surface water responses after small and large precipitation events. If students are interested, there is also 

the opportunity to explore the interactions between forest carbon and water movement. REU students can use 

their results to predict how climate change, by altering hydrologic regimes, might impact water in terrestrial 

and aquatic landscapes.  

http://homepages.wmich.edu/~bertman/
https://www.mtu.edu/forest/about/faculty-staff/staff/hofmeister.html
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5. Forests, climate change and carbon management 

Luke Nave, University of Michigan 

 

Forests remove carbon from the atmosphere and sequester it in trees, 

soils, and other parts of the ecosystem, helping to mitigate 

atmospheric carbon dioxide pollution and climate change. The actions 

that society takes with regard to forests, which range from 

preservation, to forest management, to the creation of new or loss of 

existing forests, have a significant impact on the roles that forests play 

in carbon pollution, climate change mitigation, and many other ecosystem services, at all scales. My research 

projects, conducted in partnership with collaborators throughout Federal agencies, NGO’s, and academia, all 

relate to issues of forests, carbon sequestration and climate change. These projects range from hands-on, 

field-based data collection in long-term forest plots at the Biological Station, to novel analyses of existing 

databases that can be accomplished anywhere with a web-connected computer. I seek to work with students 

pursuing studies in ecosystem science, management, environmental policy, or related fields, who wish to 

gain experience in all phases of the scientific enterprise. Students will have opportunities to design, conduct, 

interpret, and communicate research projects through close collaboration, with emphasis on concurrent 

mentoring, personal and professional growth through the pursuit of scientific inquiry.  

 

 

6. Predicting the effects of climate change on an important Michigan resource, Wild Rice 

Bob Pillsbury, University of Wisconsin-Oshkosh and Shane Lishawa, Loyola University of Chicago 

Wild rice (manoomin, Zizania palustris) was historically an abundant and ecologically important species in 

the rivers, lakes, and coastal wetlands of Northern Michigan, and is considered a sacred medicine and food 

integral to the culture of the Anishinaabeg. Land-use changes brought 

upon by European colonization have resulted in the near elimination of 

wild rice from much of its former range in Michigan. Despite increasing 

efforts to plant and restore wild rice, climate change and other 

anthropogenic disturbances threaten to limit the success and 

sustainability of restoration efforts in the region. Our research team is 

exploring the habitat requirements of wild rice, in order to inform tribal 

partners and restoration practitioners about the most suitable sites in the 

region to conduct restoration. An REU student working with us could 

contribute to this scientific effort by answering targeted questions about the ecology of wild rice and the 

suitability of water bodies in the region to support the species and how climate change could impact these 

relationships. For instance, a student could conduct experiments aimed at evaluating the role of plant 

competition, lake nutrient status, or water temperature in wild rice germination and growth; or a student 

could evaluate the efficacy of a wild rice Habitat Suitability Model to predict currently undocumented 

occurrences.  

 

 

  

https://lsa.umich.edu/eeb/people/research-scientists/lukenave.html
http://www.uwosh.edu/biology/faculty-and-staff/faculty/pillsbury/dr.-robert-pillsbury
https://www.researchgate.net/profile/Shane-Lishawa
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7. Climate change and the indirect effects of insect herbivory on pollinator communities 

Jean-Philippe Lessard, Concordia Université, Mariano Rodriguez-Cabal, University of Vermont, Nate 

Sanders, University of Michigan, and Dana Martin, Concordia Université 

Ongoing climate changes interfere with the physiology, behavior and life cycles of plants and animals. As a 

result, plant and animals interact in new ways, which is expected to affect the functioning of ecosystems. In 

this project, we aim to understand how changes in the timing and 

intensity of early season herbivory, which is expected under climate 

change, might scale up to affect pollinator communities.  

Insect herbivores can change plant chemistry in multiple ways, some 

of which can affect the quality of nectar and floral display, and 

indirectly, pollinator behavior. Herbivores have direct negative 

effects on plant fitness by feeding on reproductive parts, but also 

have indirect negative effects by feeding on non-reproductive parts 

such as leaves. In particular, leaf herbivory decreases available photosynthetic area, carbohydrate reserves 

and stored nutrients as well as increases secondary metabolite production which may affect the quality and 

quantity of nectar. Additionally, leaf herbivory may reduce floral traits such as flower size, flower number, 

and cause delayed flowering. 

Climate changes are causing insect herbivores to emerge earlier, which could change the onset timing and 

intensity of herbivory, thereby affecting the magnitude of effects on nectar and pollinators. Whether plants 

are injured in early, middle or late season can influence their growth, yield or fitness. The timing of 

herbivory could also mediate the magnitude of change in nectar quality induced by herbivory, but this 

remains unexplored. 

The REU student will have the opportunity to design their own project focusing on the effect of induced 

herbivory on the community of insect herbivores and/or pollinators. The student will learn sampling 

techniques for insects, taxonomic identification, experimental design, and how to measure various plant 

traits.  
 

 

8. Effects of climate-induced changes in streamflow on algal communities 

Bob Pillsbury, University of Wisconsin-Oshkosh, Dave Karowe, Western Michigan University, and 

Paul Moore, Bowling Green State University 

Algae that attach themselves to solid substrates such as rocks and woody 

debris (benthic algae) are the base of the food chain in many temperate 

streams. Streamflow - the velocity and turbulence of water flowing in 

these ecosystems - is a primary factor shaping benthic algal communities. 

Streamflow regimes are already being affected by anthropogenic climate 

change. In the future, climate change is very likely to result in further 

increases in the frequency and severity of extreme precipitation events, 

and therefore extreme streamflow events.  Increasing periods of both 

high and low flows may have dramatic effects on the community 

composition of benthic algae. An REU student could use the UMBS 

Stream Lab to experimentally expose native algal communities to altered streamflow regimes and use 

microscopy to answer questions about changes to algal species, genera, and communities. For instance, do 

certain species benefit from increased high flow periods? Increased low flow periods? Are there 

morphological or phylogenetic characteristics that predict species responses to altered flow regimes?  

https://www.concordia.ca/faculty/jean-philippe-lessard.html
https://www.uvm.edu/rsenr/profiles/mariano-rodriguez-cabal
https://lsa.umich.edu/eeb/people/faculty/njsander.html
https://lsa.umich.edu/eeb/people/faculty/njsander.html
http://jeanphilippelessard.com/people/
http://www.uwosh.edu/biology/faculty-and-staff/faculty/pillsbury/dr.-robert-pillsbury
http://homepages.wmich.edu/~karowe
https://www.bgsu.edu/arts-and-sciences/biological-sciences/faculty-and-staff/alphabetical-listing/paul-moore.html
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9. Global atmospheric change and carnivorous plants 

Dave Karowe, Western Michigan University 

Fossil fuel burning results in emissions of nitrogen-containing gasses into the atmosphere, and this 

nitrogen eventually returns to the land surface. Depending on the emissions scenario we follow during the 

21st century, nitrogen deposition from the atmosphere could increase or 

decrease. Carnivorous plants, such as pitcher plants and sundews, use 

their leaves to capture both carbon and nitrogen. However, they 

experience a trade-off between these two goals, since green tissue is 

best for photosynthesis but red tissue is best for prey attraction. 

An REU student could determine whether, in response to altered 

availability of atmospheric nitrogen, carnivorous plants are able to 

adjust their investment in nitrogen capture traits vs. carbon capture 

traits. For instance, an REU student could design a study to ask whether pitcher plants alter the ratio of 

red to green leaf tissue when exposed to future higher amounts of atmospheric nitrogen deposition. 

 

 

10. Effects of climate-induced forest disturbance on insect communities 

Brian Scholtens, College of Charleston and Dave Karowe, Western Michigan University 

Temperate forests are likely to experience more and stronger 

disturbances due to future climate change. For instance, droughts, 

increased pest populations, and increased pathogen outbreaks may 

result in substantial mortality of some tree species. The FASET 

(Forest Accelerated Succession ExperimenT) at UMBS mimics 

these types of disturbances; approximately a decade ago, over 

7,000 aspen and birch trees were selectively girdled and 

subsequently died within the 40-hectare experiment. Twenty 

subplots have been monitored closely since girdling, and represent 

a wide range of disturbance severity (depending on how many 

aspen and birch trees they initially contained).  This allows researchers to ask how disturbance severity 

affects many other aspects of forest ecology. For instance, an REU student could design a study to 

determine whether climate-induced forest disturbance alters insect communities (flying, ground 

dwelling, or both), which physical changes in disturbed forests have the greatest impact (light, 

temperature, etc), and whether disturbance particularly benefits invasive species. 

  

http://homepages.wmich.edu/~karowe
http://biology.cofc.edu/about-the-department/faculty-staff-listing/scholtens-brian.php
http://homepages.wmich.edu/~karowe

