
NTL MAJOR FINDINGS AND ACTIVITIES - 2005 

 

 

Here we highlight some of the most substantial scientific contributions from a productive year 

for the North Temperate Lakes (NTL) LTER.  The research summarized ranges from our site 

volume, published this year as part of the Oxford University Press LTER Synthesis Series (Long-

term Dynamics of Lakes in the Landscape – 2006) and highlighting our contributions to the past 

two decades of limnological research, to our present and future initiatives in the new grant cycle, 

initiated November 2003.   

 

This section of our annual report is organized as follows.  First, we present six research 

summaries - these summaries provide some depth of information about major findings selected 

to represent the variety of research at our site.  Then, we follow with a large number of short 

vignettes, sketching many more research activities in an abbreviated form.  Readers who desire a 

more thorough accounting of our activities, publications, meetings, and information management 

should refer to our website, http://lter.limnology.wisc.edu.   



TWENTY-FIVE YEARS OF RESEARCH ON NORTH TEMPERATE LAKES 
 

A synthesis volume describing two decades of research at 
the NTL-LTER site was published by Oxford University Press this 
year (Magnuson et al., 2006).  This volume represents a major 
accomplishment for our site.  Individual chapters describe how 
climatic variability, invading exotics, acid precipitation, internal 
lake processes, and humans affect interannual and interdecadal 
lake dynamics (Table 1).  The book pioneers concepts on the 
importance of lake position in the hydrologic landscape, the 
coherent dynamics of adjacent and distant lakes, the dynamic 
biogeography of lakes as islands, and comparison of lakes 
embedded within with disparate ecosystems such as deserts and 
forests.  Two whole-lake experiments are described: experimental 
acidification of Little Rock Lake, and the response of Lake 
Mendota to a natural experiment involving agricultural and urban 
development.  The book clearly demonstrates the benefits of doing 
long-term ecological research and presents a rich set of new 

understanding derived from studying suites of neighboring lakes across time. 
 At least seven major scientific perspectives permeate the diversity of research 
characterizing the parts and chapters of this synthesis volume. The hydrologic template in which 
lakes are embedded provides a powerful framework for studying lake status and dynamics. 
External drivers are the genesis of many of the interannual and interdecadal dynamics in lakes. 
Lake features and internal lake processes filter the expression of external drivers of lake 
dynamics and alter and complicate these dynamics especially for lake chemistry and biology. 
Humans value lakes as part of their sense of place, and their interactions with lakes include not 
only the stresses they impose on lakes but become an interacting force responding to the status or 
changes they perceive. Generality can be achieved through ecological comparisons and analogs 
in both similar and dissimilar systems. Temporal dynamics and spatial heterogeneity matter and 
they become the mosaic for lake-landscape interactions. The landscape ecology of lakes is 
complementary to the ecosystem ecology of lakes, but also brings new realizations that 
contribute to a predictive understanding of lake ecology.  These and other insights have provided 
a rich conceptual framework for past research and now supply an ample foundation upon which 
future endeavors can build. 

In light of the increased ecological understanding afforded by these past two decades, we 
anticipate that the value of long-term research will only increase with its duration. To flourish, 
LTER programs will need to creatively balance four sets of tensions, namely, maintaining the old 
while embracing the new, balancing project manageability and growth, maintaining project 
continuity and integrity, and achieving continuous synthesis while making site-specific or 
system-specific advances in science. As when we began, we strive to accommodate all of these 
issues and continue our development of a predictive understanding of long-term dynamics of 
lakes in a landscape setting. We believe that long-term ecological research is yet to make its 
greatest contributions. 
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Table 1: Section and Chapter Titles of “Long-Term Dynamics of Lakes in the Landscape: 
Long-Term Ecological Research on North Temperate Lakes 
 

Chapter 1. The Challenge of Time and Space in Ecology   
Section I. Conceptual Approaches   

Chapter 2. Understanding the Lake-Groundwater System: Just Follow the Water  
Chapter 3. Making Sense of the Landscape: Geomorphic Legacies and the Landscape 
Position of Lakes   
Chapter 4. Lakes as Islands: Biodiversity, Invasion, and Extinction   
Chapter 5. Coherent Dynamics among Lakes   
Chapter 6. Generalization from Intersite Research   

Section II. Drivers of Long-Term Dynamics  
Chapter 7. Climate Driven Variability and Change    
Chapter 8. Ecological Change and Exotic Invaders   
Chapter 9. The Experimental Acidification of Little Rock Lake  
Chapter 10. Jumping in: Within-Lake Processes and Dynamics 
Chapter 11. People in a Forested Lake District   
Chapter 12. The Ongoing Experiment: Restoration of Lake Mendota and its 
Watershed  

Section III. Developing and Implementing Long-Term Ecological Research  
Chapter 13. Breaking the Data Barrier: Research Facilitation through Information 
Management  
Chapter 14. Origin, Operation, Evolution, and Challenges  

Section IV. Summary and Synthesis  
Chapter 15. Synthetic Summary and Prospective   



FORECASTING THE SPREAD OF INVASIVE RAINBOW SMELT IN THE GREAT LAKES REGION OF NORTH 
AMERICA 

 
The aquatic ecosystems of North America, as well as 

the economies that depend on their services, are vulnerable to 
non-indigenous species introductions.  Rainbow smelt 
(Osmerus mordax Mitchill), through both intentional and 
accidental introductions, established populations throughout 
the Laurentian Great Lakes by the 1940s, and secondarily 
spread into smaller, inland lakes throughout the region during 
the past 3 decades. Negative impacts of rainbow smelt on 
native fauna include extirpation of native species as well as 
the potential to disproportionately biomagnify contaminants 

such as mercury and organochlorines.  In particular, walleye, cisco and yellow perch 
populations, so important in sustaining many northern tourism-based economies, have been 
affected following invasions in a number of lakes. Despite the dangers, further dispersal and 
introductions will almost certainly occur and our success in predicting invasion vulnerability will 
allow scarce resources to be allocated to lakes where they will achieve the greatest benefit 
(Vander Zanden et al. 2004). 

Managing aquatic ecosystems in an age of invaders requires new tools for forecasting 
invader spread. Our objectives were to develop a model for rainbow smelt presence/absence 
based on their distribution in their native range in coastal regions of Maine (USA) and to apply 
model predictions in other geographic areas to forecast future invasion potential.  We worked 
explicitly within the theoretical framework of ecological niche modeling by assuming that 
species will be able to establish populations in areas that match the ecological conditions within 
their native range.  Based on the temperature tolerances of smelt we expected lake size and depth 
to be important predictors of smelt occurrence, in addition to pH and shoreline perimeter.  We 
validated our model using areas outside smelt’s native range in Maine and applied it to lakes of 
Ontario (Canada) and Wisconsin (USA) to identify lakes that are vulnerable to invasion, as well 
as those where the greatest impact on native fish communities might occur.  

To achieve these objectives, we used large data sets containing information on fish 
species composition and lake characteristics compiled by state and federal agencies in Maine, 
Ontario and Wisconsin (Mercado-Silva et al., submitted). A classification tree model predicting 
smelt presence/absence identified maximum lake depth, lake area and Secchi depth (surrogate of 
lake productivity) as the most important predictors of smelt occurrence.  We then applied this 
model to identifying invasion-prone lakes in three regions outside smelt’s native range: northern 
Maine (52 of 244 lakes in the non-native range), Ontario (4,447 of 8,110), and Wisconsin (553 of 
5,164).  We further identified a subset of lakes that are vulnerable to impact based on the 
presence of lake trout, brook trout, walleye, yellow perch or cisco, all species known to be 
impacted by rainbow smelt.  Ninety four percent of invasion-prone lakes in the non-native range 
in Maine have potential for impact, as do 94% and 58% of Ontario and Wisconsin invasion-
prone lakes, respectively (Figure 1).  This modeling approach can be applied to other invaders 
and regions to identify invasion-prone ecosystems, thus aiding in the management of exotic 
species and the efficient allocation of invasive species mitigation and prevention resources. 
Additional work to better characterize this impact has suggested that smelt could be affecting 
recruitment of young-of-the-year (YOY) walleye to the adult populations by both preying on 
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YOY walleye and/or competing with YOY walleye for zooplankton. Further research is required 
to understand this mechanism, but the significant declines in recruitment observed in a number 
of lakes in Wisconsin suggest that smelt could play a major role in defining the future health of 
walleye fisheries here and elsewhere. 
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Figure 1.  Current and predicted rainbow smelt distribution in Maine, Ontario, and Wisconsin. Red dots indicate known 
occurrences, gray dots indicate lakes suitable for invasion and gray shading in Maine shows the native range of smelt. 
 



SPECIES DIVERSITY IN SPACE AND TIME 
 

An important challenge for ecologists is to understand the causes and 
consequences of species diversity in space and time. Species-area 
relationships (SARs), where species richness increases with the area 
sampled, are well-studied and generally regarded as one of the few “laws” 
of ecology. Because of the scale-dependent nature of this relationship, 
ecologists and conservation biologists need to use the SAR when scaling-up 
field estimates of species richness, identifying diversity hot-spots and 

making predictions about extinction following habitat loss. In contrast, the species-time 
relationship (STR), the temporal analogue of the SAR, has received little attention. The limited 
evidence available suggests that a similar scale-dependent relationship holds.  Adding an 
understanding of these temporal phenomena to our knowledge about the spatial determinants of 
biodiversity has important implications for both theory and application. Researchers will be 
better able to distinguish among competing mechanisms capable of generating macroecological 
patterns of species richness and prioritize conservation actions if estimates prove sensitive to 
both time and space.  

SARs and STRs also generate estimates how rates of species accumulation (turnover) in 
space and time are related.  Again, preliminary evidence in a single ecosystem suggests that a 
species-time-area-relationship (STAR) exists and does better at describing patterns of richness 
than either area or time alone. Clearly this interaction may also be important in understanding 

patterns of biodiversity. Given 
these needs, our objectives were 
to evaluate the generality of the 
STR and STAR relationships 
across ecosystems and 
taxonomic groups as well as 
investigate their relative 
importance in describing species 
turnover in space and time. 

Using  984 community 
time-series, representing 15 
study areas and 9 taxonomic 
groups, we found that STRs 
were surprisingly similar across 
major taxonomic groups and 
ecosystem types (exponents 
typically ranged between 0.2 
and 0.4 – Figure 1), suggesting 
that the STR is as fundamental 
an ecological pattern as the SAR 
and highlighting the dynamic 
nature of most species 
assemblages (White et al. In 
press). In eight of these 
ecosystems for which we had 

 
Figure 1: Relationships between mean annual species richness and the 
power function exponent of the species-time relationship both within (main 
plot) and across ecosystems (inset showing fit to mean ecosystem 
attributes). Color and line style indicate taxonomic group (fish – solid blue, 
zooplankton – dashed blue, plants – solid green, birds – solid red, insects – 
dotted black, mammals – dashed red, corals – dashed black, algae – dashed 
green, and intertidal invertebrates – solid black). Horizontal lines represent 
non-significant relationships (P > 0.1). 



concurrent temporal and spatial gradients, the STAR model consistently outperformed a 
sampling-based model and two simpler models in which space and time had independent effects. 
In every case the interaction term was negative, meaning that rates of species accumulation in 
space decreased with the time span of sampling, while species accumulation rates in time 
decreased with area sampled (Adler et al. 2005). Further, we calculated a ratio of “space-time 
equivalence” which delineates combinations of sampling scales at which the slope of the species-
time and species-area relationships are equal (Figure 2). Zooplankton communities at NTL were 

unique in that they 
represented an 
upper limit to our 
space-time 
equivalence 
measure. This 
dataset was the only 
one that generated 
spatially 
independent 
estimates of 
richness (the 
smallest plots were 
not nested within 
larger plots). We 
predict similar 
relationships in 
different 
ecosystems as 
suitable new data 
become available. 
Together, our 
results demonstrate 
that the STR is as 
fundamental an 
ecological pattern 
as the SAR and that 

the SAR and STR are not separate relationships but two dimensions of one unified pattern. We 
believe that both have the potential to be important tools in both applied and basic ecology. By 
showing how species number scales across time as well as space, and allowing comparison of 
rates of spatial and temporal turnover at different scales, it will improve biodiversity assessment, 
help researchers choose appropriate sampling scales, and permit more rigorous testing of 
underlying processes influencing biodiversity than use of the SAR alone. 
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Figure 2: Sampling scales that yield equivalent rates of species accumulation in space 
and time for the 8 communities. The x-axis shows the time span sampled for a species-
area relationship (SAR), while the y-axis shows the area sampled for a species-time 
relationship (STR). The line shows combinations of scales that produce SARs and STRs 
with identical scaling exponents. Below the line, the STR will have a steeper slope than 
the SAR, indicating higher relative turnover in time than in space. Above the line, the 
opposite occurs.  
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USGS-LTER RESEARCH:  LINKING HYDROLOGY, BIOGEOCHEMISTRY AND ECOLOGY 
 

NTL and USGS researchers have characterized the hydrology of 
the Trout Lake watershed and related the amount and timing of 
groundwater flow to biogeochemical cycling of mercury as well as 
biological functioning of stream biota.  The work demonstrates the 
strong coupling between the abiotic and biotic systems and 
provides an analogue that we can use to begin to predict what 
might occur if groundwater flows were reduced due to climate 
change or high-capacity pumping. 

Groundwater flow is an important component of aquatic ecosystems, but can be 
exceedingly difficult to quantify due to uncertainties in characterization of subsurface geology.  
Building on a 20-year history of data collection and groundwater modeling in the watershed, 
average flowpaths and time of travel were characterized using diverse data sources (Walker et 
al., 2003; Pint et al., 2003; Hunt et al., in press).  Recent work in 2004-2005 demonstrated that 
flowpath magnitude and direction are transient and variable in the basin, with areas near dividing 
streamlines most likely to change significantly (Masbruch, 2005).  Moreover, small unsaturated 
zone thickness results in very dynamic water table fluctuations, whereas deeper water tables are 
appreciably more muted (John, 2005).  Multiple flow paths derived from different source areas 
causes surprisingly complex spatial and temporal variability of groundwater chemistry within the 
relatively homogeneous aquifer in Allequash basin (Figure 1). 

This watershed-scale 
understanding of spatial variability has 
highlighted the need to characterize flow 
and residence time in biogeochemical 
“hot spots”. The Allequash wetland is 
one such hot spot where two transects 
instrumented with data loggers 
measuring hourly water level, porewater 
and air temperature, and soil moisture 
now send near real-time data back to the 
web.  In combination with temperature 
sensors to help quantify rates of mercury 
dynamics and ground-penetrating radar 
to characterize subsurface sediments, this 
new understanding of hotspot flowpath 
magnitude and direction, residence time, 
and interaction with surface water will 
facilitate additional research on the 
spatial and temporal dynamics of carbon 
(E. Stanley, unpublished data) and 
mercury cycling. 

While relating groundwater and biogeochemical cycling is important, it does not directly 
answer the question of whether groundwater flow affects the ecology of surface aquatic systems.  
We investigated the importance of groundwater flow on invertebrate communities by quantifying 
patterns of benthic productivity at three wetland stream sites spanning a gradient of groundwater 

 

 
Figure 1.  Capture zones for Crystal Lake, Big Muskellunge 
Lake, Allequash Lake, and Allequash Creek.  Travel time 
contours (in years) for Big Muskellunge Lake are shown in red 
and in black for Allequash Lake and Allequash Creek.  



discharge (high: HGD, weak: WGD and groundwater recharge: GR).  Large upward vertical 
gradients at the HGD site resulted in the most stable hydrologic system (as measured by 
horizontal and vertical groundwater flow, temperature, and water chemistry) while the WGD site 
had a very dynamic system, with the highest number of gradient reversals. Groundwater flow 
direction and strength were related to highly significant patterns in benthic invertebrate 
abundance, taxonomic richness, and periphyton respiration.  The abundance and species richness 
of invertebrates and periphyton respiration were all significantly greater at the HGD site than the 
WGD (moderate values) or GR (lowest values) sites (Figure 2).  This work shows that 
groundwater-surface water interactions can strongly influence benthic productivity, emphasizing 
the importance of quantitative-based hydrological management of wetland-stream ecosystems in 
the northern temperate regions. 
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Figure 2: A comparison of benthic invertebrate abundance and richness and periphyton respiration along a 
gradient of groundwater discharge. 



RURAL PLANNING, POLICY, AND POLITICS: PREDICTING FUTURE GROWTH AND DEVELOPMENT 
PATTERNS IN THE NORTHERN HIGHLAND LAKE DISTRICT 
 

Planning, in many locales, is a four-letter word. The very process of 
bringing together a wide variety of stakeholders with often divergent 
views on how development should proceed in their backyard seems to 
create an intractable problem. Because of research needs that require an 
ability to manipulate and track development scenarios and better 
understand their effects on ecosystem function as well as subsequent 
feedbacks to future human behavior, we have experimented with 
introducing a GIS-based urban-planning software package to a rural 
planning effort in the NTL study area. 

Planning support software can create predictive land use scenarios by combining existing 
GIS data layers with land suitability data and historical population data.  In a relatively 
homogeneous suburban setting with few existing regulations this process might encompass an 
entire county or region.  However, after initial experimentation in Vilas County, we have 
discovered that our study area’s diverse geographic terrain and current zoning laws reduce the 
optimal geographic area for land use modeling. A large area such a Vilas County, centered on the 
Northern Highland Lake District with many different waterbodies and soil types, slows the 
software to a virtual crawl.  Nonetheless, this shortcoming in processing capacity can actually be 
a benefit for local planning endeavors, as we explain below (Golding et al. 2005).  
 Since the implementation of Wisconsin’s Comprehensive Planning legislation (Smart 
Growth), planning in Wisconsin has proven to be an arduous task often hindered by fractious 
interest groups with divergent opinions. The second component of our Vilas County planning 
initiative employed a series of stakeholder interviews to explore potential community 
applications of our modeling.  Such interviews typically afford a deeper understanding of the 
issues and opportunities facing planning implementation in a county. Through stratified snowball 
sampling (when current sample members recruit future sample members so the sample seems to 
grow like a “snowball”), we selected a representative sample of seasonal, year round, long-term, 
and recently immigrated residents as well as key people with a knowledge of the recent history 
of planning in Vilas County.  These interviews revealed that Vilas County is a community that is 
divided along many fronts where planning is concerned.  While every participant expressed a 
deep appreciation of the natural resources available in Vilas County and acknowledged pressing 
threats to the environment, citizens remain divided in their willingness to act to preserve natural 
resources in the planning forums currently available to them.  Smart Growth is perceived by 
some as being most favorable to property owners of high income and wealth.  Given the 
escalating values of lake front property, some year-round citizens have chosen to vocally deride 
planning in hopes of keeping their property taxes affordable for local wages. Though small in 
numbers, their very public campaigns against planning resonate clearly across rural Vilas 
County, where there is a history of widespread distaste for state control.  For individuals not 
directly involved in planning, political affiliation appears to be a critical determining factor in 
how citizens vote on planning-related issues. Thus, in a county that can be characterized as 
overwhelmingly conservative, there are many opponents of planning and comparatively few 
supporters.  

Our observations of another Wisconsin County employing the use of planning support 
software in the formation of its Master Plan suggest that the technology is not intuitive to non-
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planners or novice computer users.  Its implementation in community venues has thus been 
difficult, because of the tendency to transfer control away from stakeholders and towards 
facilitators and planners. Moreover, one of the most vocal Smart Growth opponents interviewed 
in Vilas County expressed skepticism of GIS technology in general because of its use by state 
offices to delineate controversial resources.  Given the politicized nature of planning, attempts to 
amend the planning process via support software will have to satisfy the most critical skeptics.   

The potential niche that planning support software might fill in the contentious planning 
discourse for Vilas County is a third initiative and currently under investigation.  To make a 
positive contribution, planning support software should be a tool that is accessible to citizens at 
the most local scale and functional without a great-deal of supervision.  At present, because of 
the high computational overhead required to visually manipulate spatial data, planning software 
appears to be best utilized to generate hypothetical maps based on responses to questionnaires or 
narrative visions of desired land use scenarios.  As mentioned earlier, although this is not the 
most hands-on approach of utilizing the technology, it selects the most useful element of the 
software, the visual, and presents it to the community in a form that is driven by their own input 
and widely interpretable.  Because the software cannot easily manage spatial data from large 

study areas it is less likely to be 
perceived as a tool whose use 
can be co-opted by county or 
state government, which is also a 
serious concern for some local 
citizens.  We intend to present its 
capabilities to a sample of Vilas 
County town boards and offer 
assistance in using it as they 
think might best fit their 
planning needs (Figure 1).  
Although GIS technology has 
been lauded as an opportunity to 
democratize planning through 
increased data access and better 
visualization tools for 
communities faced with planning 
decisions, its implementation 
currently requires a careful, 
staged approach to realize its full 
potential.   
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Figure 1: Building projections for Boulder Junction, Wisconsin of 
existing land use and projections for 2040.  Given this growth scenario 
based on current annual levels of home building permits and lot sizes, 
all available land in Boulder Junction will be developed within 40 years 
(light green represents state and federal forest holdings - not eligible for 
development). 



DYNAMICS OF SOIL PHOSPHORUS:  LINKS TO LAKE EUTROPHICATION 
 

Globally, inputs of phosphorus (P) to continental 
ecosystems have doubled since pre-industrial times (Bennett et 
al. 2001).  Most of the P accumulates in soils.  It moves only 
gradually into streams, lakes and coastal oceans.  The global 
pattern of accumulation is patchy.  In some watersheds, soils 
are rich in P, while in other watersheds the soils have little P.  
The Yahara watershed, catchment for the Madison-area lakes 
studied by NTL-LTER, is rich in P.  The soils were rich even 

prior to the advent of European agriculture.  Since about 1950, substantial amounts of P 
have been imported to the watershed in the forms of fertilizer and animal feed grown 
outside the watershed.  Some P is exported from the watershed as farm products.  
However, imports are far larger than exports (Bennett et al. 1999).  Runoff of P to 
streams and lakes is only a few percent of the terrestrial P budget, but it is more than 
enough to drive algae blooms and eutrophication in the Madison-area lakes. 

Changes in soil P are linked to changes in P concentrations, producer biomass, 
and primary production in the Madison area lakes.  We examined the consequences of 
changing P input to soil for lake water chemistry, using a P flow model for Lake Mendota 
and its watershed (Carpenter 2005).  

We expected that balancing the soil P budget would reduce eutrophication of the 
lake.  The soil P budget could be balanced by reducing imports of fertilizer and animal 
feed to a level that matched the exports in farm products.  When we simulated this 
change in soil P inputs, we were surprised to find that water quality became substantially 
worse over the subsequent 200 years, due to ongoing erosion of high-P soil into streams 
and lakes (Figure 1A).  The lake did not recover during the 2000 years that were 
simulated.  In Figure 1, all P densities are reported per unit lake area to facilitate 
comparison of the different P compartments. 

In a second simulation, we reduced import of phosphorus in fertilizer and animal 
feed to zero (Figure 1B).  In practice, this represents agriculture in which crops grow on P 
that is already in the soil, animals are fed on feed grown in the watershed, and animal 
waste is added to the soil of the watershed.  In this simulation, the lake gradually 
recovered.  Water quality similar to that encountered by Madison's first European settlers 
occurred after one to two thousand years.  Recovery of the lake could be hastened by 
management activities that reduce runoff (such as buffer strips or wetland restoration) or 
immobilize sediment phosphorus (such as oxygenation or aluminum sulfate addition). 

Like all models, the model used for this exercise is subject to errors and 
omissions.  The model assumes stable climate.  If climate becomes wetter, P runoff will 
be higher; if climate becomes drier, P runoff will be lower.  These simulations do not 
consider the effects of large changes in policy for erosion control, which could result in 
lower runoff rates.  Finally, the model does not consider effects of technological 
innovations, such as better ways to remove P from over-enriched soil or immobilize P in 
soils or sediments.  Such innovations could result in better water quality than seen in the 
simulations. 

The study shows that substantial reductions of P inputs to soils are needed to 
improve water quality.  Time lags are on the order of centuries, due to slow turnover of 



soil P.  To improve water quality more rapidly, it is necessary to take additional steps to 
reduce erosion or immobilize excess P in soils or sediments. 
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Figure 1.  Phosphorus density (g m-2) in soil (brown dash), sediment (red dash-dot) and water (green), and 
phosphorus input rate to soil (black dash, g m-2 y-1) versus time in two simulations.  Attractors (blue dots) are 
shown for water phosphorus density.  Note log scale of the y-axes, and different x-axis scales of the two plots.  
(A) Simulation 1, in which the soil P budget is balanced after year 250, (B) Simulation 2, in which inputs to soil 
return to pre-disturbance levels after year 250. 



Brief vignettes of additional ongoing research 
 
• Anna Marburg and Monica Turner continue to work with the land-cover data from 1939, 

1961 and 1996 produced by collaborating scientists at ERSC. This research was presented at 
the LTER Graduate Student Collaborative Research Symposium held at the Andrews LTER, 
April 13-17, 2005. She has also been investigating decay rates of wood in the littoral zone of 
lakes. The selected species are prominent in historic and contemporary forests and initial 
samples were collected this past summer. 

 
• John Magnuson and others have been adding to the accumulating evidence demonstrating 

that climate warming has been occurring rapidly during the past thirty years. We examined 
spatial patterns of trends in ice breakup dates for 56 lakes across the Great Lakes region 
(Minnesota, Wisconsin, Michigan, Ontario, and New York) from 1971-2002.  All 56 lakes 
showed a trend toward earlier ice breakup dates, with the average being 3 days earlier per 
decade.  These recent trends in timing of ice breakup were more than an order of magnitude 
faster than those observed in the Great Lakes region from 1846-1995.  Consistent with the 
trends toward earlier breakup, contours connecting locations at which breakup is predicted to 
occur on the same date shifted northward through the recent period.  For example, the April 
7th ice-off contour moved northward at approximately 100 km per decade.  Trends toward 
earlier ice breakup were more rapid at more southerly latitudes and were strongest in the 
southeast and weakest in the northwest. 

 
• Tim Kratz and NTL scientists have helped organize and lead the Global Lake Ecological 

Observatory Network (GLEON).  The network started in 2005 with participants in 10 
countries including Australia, Canada, China, Finland, Israel, New Zealand, South Korea, 
Taiwan, United Kingdom and the U.S.  The network partners limnologists with information 
technology experts to promote the installation of instrumented buoys in lakes worldwide, 
near-real time retrieval and posting of data to web-accessible databases, and use of the data to 
answer limnological questions at a variety of temporal and spatial scales.  At NTL we now 
have 5 instrumented buoys installed on four lakes.  One of the buoys actively streams data 
from an acoustic Doppler current profiler, which is used to calibrate a non-hydrostatic three-
dimensional circulation model of Trout Lake.   

 
• Trina McMahon and colleagues of the Microbial Observatory at NTL are continuing with an 

effort to identify and characterize drivers of microbial community composition, diversity, 
and dynamics.  In northern Taiwan we are currently investigating the effects of recurring 
typhoons on microbial community composition and dynamics in Yuan Yang Lake.  In 
northern Wisconsin, we are exploring the impact of environmental disturbance on freshwater 
bacteria and phytoplankton in humic lakes as well as exploring the mechanisms contributing 
to concordance and synchrony in phytoplankton and bacterioplankton communities.  In Lake 
Mendota we are currently developing methods to link bacterial community composition and 
phosphatase production which will enable us to determine if particular populations of 
bacteria are responsible for the mineralization of organically bound phosphorus in eutrophic 
systems. We plan to use this method to monitor temporal dynamics in bacterial communities 
and link these dynamics to phosphorus cycling and bioavailability to phytoplankton. Our 
southern research also examines temporal variation in bacterial assemblages to determine 



whether annual patterns in microbial community composition exist. 
 
• Stuart Jones, a graduate student with NTL and the Microbial Observatory, has continued with 

the collection of planktonic microbial samples (5th year) in Crystal Bog. We have begun to 
measure community metabolism (bacterial respiration and production) and, with the help of 
sensors deployed in the bog measuring dissolved oxygen, temperature, and meteorology, will 
combine the data from both sampling and sensors to examine the bacterial contribution to 
lake metabolism across a season. These results will be compared with a similar data set from 
Yuan Yang Lake in Taiwan which Stuart also helped collect. 

 
• Norman Mercado-Silva has been predicting the regional potential for invasion and the impact 

of an invasive species - rainbow smelt.  He has identified which specific lakes are capable of 
holding rainbow smelt and those that are most prone to suffer impacts from this invader as 
well as the effect of rainbow smelt on walleye recruitment. 

 
• Chin Wu (Department of Civil and Environmental Engineering) has continued with his 

hydrodynamics research using a three-dimensional non-hydrostatic model (3DNH) on two 
fronts.  
      In the south, with Henry Yuan (model co-developer), we have studied the effect of spatial 
variations (in both wind forcing and macrophyte distribution) on circulation patterns on Lake 
Wingra. The model results revealed a significant change with the introduction of spatial 
variation. This result, supported by field data, highlights the importance of spatial processes 
in the hydrodynamics of small shallow lakes.  In addition, we are interested in the small-scale 
interaction between near-shore macrophytes (both   emergent   and   submerged) and 
currents, with the ultimate goal of better understanding littoral-zone nutrient dynamics.  In 
Lake Mendota, our primary focus has been on thermal structure.  Preliminary model results 
have shown: (1) evident spatial variations of thermal structure; (2) active internal waves; (3) 
strong interaction between internal waves and bathymetries; and (4) possible upwelling and 
downwelling at local scales. To validate model predictions, we conducted intensive (with a 
sampling rate of 1 minute) summer-long three-dimensional temperature measurement.  Field 
data generally confirm preliminary model results and advanced data analysis continues.  The 
hydrodynamic modeling technique and field temperature measurement are currently also part 
of integrative research on internal nutrient loading in stratified, eutrophic lakes.  
      In the north, another graduate student, Nobuaki Kimura, has focused on the 
hydrodynamical complexities of Trout Lake,  where an acoustic Doppler current profiler, 
used to calibrate the three-dimensional circulation model of Trout Lake has been in place this 
past summer.  Future north-south hydrodynamical comparisons of these distinct basins are 
planned. 

 
• Amy Kamarainen has been working with Henry Yuan and Chin Wu to assess the temporal 

and spatial variability of internal loading rates in Lake Mendota using a 3- dimensional array 
of temperature sensors, synoptic phosphorus profiles, and a 3-dimensional hydrodynamic 
model.  Internal P loading rates were highly variable among spatial locations and among 
dates this past summer, depending on wind speed and direction. Water movement patterns 
induced by weather events led to regions of upwelling which were temporary hotspots of 
internal P loading. Sampling programs missing such hotspots could greatly underestimate 



internal loading, demonstrating that spatial and temporal heterogeneity have large effects 
these estimates. This research was presented at the LTER Graduate Student Collaborative 
Research Symposium held at the Andrews LTER, April 13-17, 2005.  Continuing research on 
this topic also draws from the data resources available in the LTER database for comparison 
of phosphorus loading estimates from previous years. 

 
• In collaboration with Mary Anderson and a group from the USGS (Randy Hunt, John 

Walker) our groundwater-based hydrological work has yielded very interesting insights.   
      We have expanded their monthly groundwater samples to include 75 nested piezometers 
along three transects in the Allequash basin, a sub-basin of the Trout Lake watershed.  
Groundwater flow paths along the transects were delineated using isotopes of deuterium 
(δD), δ18O, and δ87Sr, as well as major ion concentrations, iron, and dissolved carbon species. 
Graduate student Melissa Masbruch has discovered that each of the transects contains 
multiple flow paths derived from different source areas and exhibited complex spatial 
variability in groundwater chemistry. Melissa also has used a three-dimensional groundwater 
flow model to delineate lake capture zones and to investigate seasonal and long-term 
chemical variability.  Results show significant transience directly west of Big Muskellunge 
Lake.   Transience here affects the discharge location of solutes in this area of the basin and 
is due to fluctuations in lake stage and possibly recharge rate.   
      Rahul John has assembled and analyzed the historical hydrologic database for the Trout 
Lake watershed from LTER/USGS records as part of his Ph.D.  Groundwater contributes 80 
to 90 percent of total stream discharge except during the peak discharge events induced by 
storms, when baseflow contributes around 60 percent of streamflow.  The response time to 
recharge events in shallow wells is in the order of a few hours to 1-2 days.  A first step in 
evaluating the potential hydrological effects of climate change is to evaluate historical 
transience in the hydrologic system. Thus, the groundwater flow model of the Trout Lake 
basin was run for a 53 year period (1948-2000) using monthly recharge rates calculated by an 
IBIS climate/vegetation model.  Crystal Lake, a seepage lake, exhibited the largest variation 
in lake stage (3 m), while Allequash Lake, a drainage lake, exhibited the lowest variation in 
stage (0.25 m).  Groundwater levels at monitoring points in the model fluctuated as much as 
4.3 meters.  
      Stream and wetland water samples from the Allequash and Trout Lakes basins were 
collected approximately monthly from March 2004 to the present for dissolved and 
particulate mercury (Hg) and a suite of additional trace metals analyses.  Ancillary 
constituents such as dissolved organic carbon (DOC), sulfide, nitrogen species, and SUVA, 
are also analyzed.  The preliminary results indicate a seasonal cycle in Hg and DOC, with the 
stream chemistry congruent with upstream wetland rivulet sampling.   
      Another project (Shafer-PI) addresses watershed linkages to streams and lakes, focusing 
on metal-binding ligands and their influences on the abundance and bioavailability of metals 
in surface waters is also being conducted in the Trout Lake basin. In the second year of the 
three year study, preliminary results indicate that variations in groundwater recharge 
direction and strength are key factors driving chemistry in the hyporheic zone. 
      In a new effort to characterize groundwater flow and residence time in the Allequash 
wetland site, two north-south transects were instrumented with data loggers and added to the 
LTER spread-spectrum network, via a new repeater installed on Musky Mountain Tower.  
The data loggers are measuring hourly water level, porewater and air temperature, and soil 



moisture.  In addition, an array of temperature profiling equipment was installed in one of the 
rivulets used for Hg sampling; initial results indicate that the majority of groundwater is 
derived from the west. Ground penetrating radar was performed along these transects to 
characterize the subsurface sediments.  Additionally, the hydrologic database maintained by 
the USGS was updated to include real-time data from the stream gauges in the Trout Lake 
watershed.  
      Noah Lottig and Emily Stanley are embarking on research on stream and wetland 
dynamics in the Trout Lake region that will complement the studies of the USGS.  

 
• Bill Provencher, an economist with NTL, continues his research on the effect of lakeshore 

zoning on property values and has recently added components on some important drivers of 
change in the Northern Highland Lake District (NHLD) that may interact strongly to affect 
the socio-economic fabric of northern NTL lakes. 
      Recent published research indicates that the effect of lake water clarity on lakeshore 
property values is a positive one; typically the literature reports that a 1-meter increase in 
water clarity raises property values by 4-12%.  Yet past studies have made critical errors in 
the statistical analysis that call into question whether changes in water clarity over observed 
ranges actually have any effect on property values.  We will use data from 1200 properties 
across approximately 200 lakes in northern Wisconsin to address whether water clarity does 
indeed affect shoreline property values, and whether this effect is governed by threshold 
values of clarity. 
      In another area of research, we have begun to investigate the feedbacks between human 
behavior and aquatic species invasions in the north. This research develops a dynamic 
principal-agent model of aquatic species invasions in which a manager, concerned about the 
spread of invasive species across lakes by boaters, sets inter-seasonal management controls 
on a lake-by-lake basis, and boaters make a series of intra-seasonal trip decisions to 
maximize random utility during the course of the season, conditional on the controls imposed 
by the manager.  The results of a simulated invasion of Eurasian water milfoil highlights 
interesting aspects of the optimal management policies under two different management 
objectives:  maximizing boater welfare and minimizing milfoil spread.  
      To investigate another human behavioral response to changing aquatic ecosystems we 
have studied the evolution and sorting of lakeshore property owners and its implications for 
lake management. This research explores how lakeshore property owners are changing over 
time in terms of behaviors and attitudes, how lakeshore property owners sort themselves 
across lakes, and the implications of such evolution/sorting for lakeshore management.  The 
research is based on a survey of lakeshore property owners being conducted during the 
summer and fall 2005. 

 
• During this past year our collaborations with Environmental Remote Sensing Center (ERSC) 

personnel (Jonathan Chipman and Tom Lillesand) have led to insights into the remote 
sensing of water clarity.  
      One major project saw the completion of Mark Norheim’s use of field spectroradiometry 
as a method for characterizing chlorophyll and dissolved organic carbon (both influencing 
lake color) to calibrate the satellite imagery used to distinguish between these two important 
limnological variables (http://www.lakesat.org).  
      Another project saw Scott Peckham analyze trends (1979-2001) in lake water clarity 



throughout Wisconsin, as measured by both satellite remote sensing and field surveys.  In 
previous years, we had completed two statewide assessments of lake water clarity (for 1991-
1994 and 1999-2001); this year we completed the reanalysis of data from an earlier study 
using 1979-1981 imagery and field measurements.  We found a high degree of similarity in 
the trends detected in the satellite data and the volunteer field data.   
      Another research topic involves the analysis of high-temporal-frequency series of satellite 
imagery from the MODIS sensor on NASA’s Terra and Aqua spacecraft.  We have been 
making further improvements to our MODIS image processing toolkit, and we have been 
collecting data on larger lakes statewide (including Trout Lake, Mendota, and Monona) in 
preparation for a study of the application of MODIS imagery for monitoring bio-optical 
properties of lakes at the regional scale.  Several smaller MODIS-based studies of lakes 
outside Wisconsin were also begun, including one using MODIS to measure the expansion of 
an invasive floating aquatic plant on Lake Maracaibo, Venezuela, and another to monitor 
fluctuations in water levels and lake surface areas of some arid lakes in North Africa.  
Finally, we are also using the MODIS time-series data for an analysis of the phenology of 
reed canary grass in the Madison Lakes region. One of our future directions includes a 
demonstration project aimed at "Assessing the Performance of Various Proximal and Remote 
Sensing Platforms for Estimation Lake Trophic Status and Trends."  This project involves an 
assessment of several different remote sensing platforms (e. g., Landsat, MODIS, MERIS 
and airborne hyperspectral scanning) for monitoring lakes routinely and operationally over a 
regional spatial extent (EPA Region 5).  This two-year project will help transform our 
various research results into an operational guidance document for lake managers.  Training 
sessions and additional outreach are also planned. 

 
• Tim Allen’s LTER research is focused on prospects for humanity making it across the 

yawning gap that appears ahead as fossil fuel becomes harder to acquire - to the point of 
being uneconomic to extract and undesirable to use because of global warming.  We generate 
theory that addresses these issues in principle by investigating switches in resource use from 
high to low quality resources that in turn affect ecology and, by extension, human affairs. 

 
• We have completed automating models for estimating lake primary productivity. These 

models, created by Paul Hanson, Tim Meinke and James Rusak, use the results from 
laboratory experiments to calculate productivity versus irradiance curves, which are 
combined with light measurements, integrated over depth, to produce estimates of 
epilimnetic, metalimnetic, and hypolimnetic primary productivity at half hour intervals and 
are now available to the public through the LTER database. The availability of these data and 
the modeling that enabled their estimation was instrumental in LTER (Paul Hanson) 
procuring supplemental funding to collaborate with Dr. Bomchul Kim (Korea), who has 
collected similar primary productivity data over a similar time period, on a study of long-
term dynamics in lake primary productivity. 

 
• The deployment of additional buoys in the northern LTER lakes has provided data critical to 

understanding drivers of ecological variability at scales ranging from minutes to seasons. 
Collaborations between Paul Hanson and scientists from the department of Electrical and 
Computer Engineering have produced time-series analyses studying the influence of weather, 
biology, and lake physics on dissolved oxygen in lakes. Preliminary results suggest that at 



scales ranging from about 3 hours to several days, dissolved oxygen is driven primarily by 
biological processes of primary production and respiration. At longer time scales, 
temperature becomes an important driver and weather events create disturbances in the 
dissolved oxygen signal. At time scales shorter than a few hours, physical processes, such 
microstratification and internal waves, appear to play a more important role. 

 
• James Rusak has begun research to expand the temporal component of the northern NTL 

lakes as part of a NSF-funded paleolimnological collaboration with Sara Hotchkiss.  Surface 
sediment samples with modern lake data from 62 lakes will be used to develop transfer 
functions which will be tested against 24 years of limnological data from the North 
Temperate Lakes Long Term Ecological Research (NTL-LTER) database. After testing the 
paleoecological methods, a multi-proxy limnological reconstruction will be carried out using 
sediment records of the last 150 years from two of the LTER lakes to test the prediction of 
differing responses to the effects of 19th century logging between lakes high and low in the 
local hydrologic gradient. A future goal of this research examines the response of lakes in 
different landscape positions to severe droughts (multi-decadal to century scale).  We predict 
that effects will be qualitatively and quantitatively different from the responses to the 
relatively mild drought of the late 1980s. 
      James Rusak, Matthew Helmus, Nicholas Preston and Eloise Ryan have also recently 
begun additional regional collaborations with the Dorset and Experimental Lakes Area 
ILTER sites in Ontario.  The climatic and groundwater gradients among these sites ensure 
ample opportunities for large-scale limnological comparisons as well as insights that will also 
provide a useful context for unraveling processes occurring at large spatial and temporal 
scales. 

 
• Peter Nowak’s research activities have continued to focus on the manure management 

activities of farms in the Lake Mendota watershed.  This has involved three related projects: 
(1) tracking the distribution of manure in “real time” on a working farm across the last 19 
months to assess changes in soil test P was based on 1 ha grid soil sampling to determine 
changes across different spatial scales involving a calibrated load cell on a manure spreader, 
GPS tracking of the spreader, and a repeater tower that sends data to UW-Madison; (2) 
examining how suburbanization and other changes in land use patterns impact manure 
management activities on livestock operations in the watershed; and (3) analyzing water 
quality impacts of animal operations in two sub-watersheds, one dominated by large farms 
and the other characterized by small farms. 

 
• Jake Vander Zanden’s LTER–related research has focused on several topics.  Studies of 

invasive species are documenting and modeling and the spread and of rusty crayfish, rainbow 
smelt, and the spiny water flea. Recent work has also examined impacts of rusty crayfish on 
zoobenthos though long-term analysis of archived invertebrate samples from Sparkling Lake. 
The role of reservoirs in facilitating invader spread has been another area of research. 
Invasive species research has also focused on the experimental removal of rusty crayfish 
from Sparkling Lake, which is now in its 5th year. The removal has been successful and has 
led to several insights into the impacts of invasive rusty crayfish.  
      LTER provides a foundation for additional NSF funded work (Vander Zanden and 
Vadeboncoeur) examining the contribution of benthic production pathways to higher trophic 



levels and broader lake processes. LTER data has been key to launching these new research 
efforts, which have led to recent insights on the importance of benthic processes. 

 
• Considerable work has been done by the Information Management Team in implementing 

the Ecological Metadata Language (EML) standard at NTL. The EML elements included in 
the NTL EML documents were expanded; particularly, notable is the addition of taxonomic 
coverage. In 2005 NTL-LTER IM staff harvested EML documents for most of the NTL core 
data sets into the central metadata catalog, MetaCat, for the LTER Network. These harvested 
EML documents are valid EML and contain EML describing identification, discovery, 
evaluation, access, and integration information.  We are in the process of developing the 
metadata content further to be in full compliance with the EML Best Practices document 
developed by the LTER Information Managers. 
      The NTL LTER website underwent a major redesign during the past year. With the help 
of a professional graphics/web designer the website organization, appearance, navigation and 
usefulness were significantly enhanced.  Website content was brought up to date. 
      The spatial data catalog was improved and upgraded in several significant ways.  The 
existing “static” version of the Spatial Data Catalog was redesigned as part of the overall 
website redesign.  All the spatial data sets were converted to a common file format and map 
coordinate system, and uniform metadata were created.  Several new data sets were added, 
most notably demographic spatial data.  Finally, we developed a new, alternate method for 
managing the spatial data, which permits direct, dynamic access to the data via an Oracle 
database with an ArcSDE (Spatial Data Engine) interface.  This represents an improvement 
over the “static” spatial data catalog by (a) facilitating access to data and metadata; (b) 
ensuring that users are working with the current version of all data; (c) enabling development 
of cross-site or network-level spatial data applications; and (d) facilitating development of 
web-based mapping applications. Ongoing spatial data management activities include work 
on such web-based mapping systems, the addition of new data sets to the catalog, and testing 
methods for converting the XML-format spatial metadata to valid EML. 
      The NTL Oracle database now resides on the additional Sun workstation acquired 
through supplement funding and is integrated with the other NTL Sun workstation that hosts 
the website. 
      Programmers at the Center for Limnology are developing software that provides sample 
and data management for the Center for Limnology Chemistry Lab (the program is called 
ChemLab). This project was initiated because the overload on the existing chemistry lab data 
management was leading to unacceptable sample processing backlogs.  Tracking status of 
bottles and tests using pen and paper is inefficient and time consuming, and there was 
duplication of effort with the field crew in labeling and tracking bottle metadata.  The 
ChemLab software stores bottle metadata, bottle/test status and analytical results in a 
database accessible to both the field crew and the chemistry lab technicians. 

 


