
NTL MAJOR ACTIVITIES AND FINDINGS – 2009-10 

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. 



Climate Change Impacts on Wisconsin’s Water Resources 
 
NTL-LTER is an active participant in the Wisconsin Initiative on Climate Change Impacts 
(WICCI; http://www.wicci.wisc.edu/), a project that was initiated in fall 2007 to assess and 
anticipate the impact of climate change on Wisconsin’s natural resources, ecosystems, and 
regions.  The primary mission of WICCI is to evaluate risks and vulnerabilities in each of these 
areas and to develop strategies for adaptation that can be used in natural resource management, 
municipal decision making, economic development, public health, and other critical components 
of Wisconsin’s quality of life. 
 
WICCI is governed by a Science Council whose 22 members are chosen from an array of 
disciplines within the University of Wisconsin System, the Wisconsin Department of Natural 
Resources and other state and federal agencies, universities, and institutions.  The primary 
function of the Science Council is to organize and coordinate Working Groups that have the 
scientific expertise to assess climate change impacts pertinent to specific issues or areas of 
concern.  To date, 15 Working Groups have been formed representing a diverse array of topic 
areas, sectors, or geographic regions of the state.  Impacts on Wisconsin’s abundant water 
resources and the ecosystems they support are of prime concern to most Working Groups.   
 

 

 

Fig. 1.  Change in winter (Dec., Jan., Feb.) average temperature (ºF) from 1950 to 2006 in Wisconsin and 
projected change in winter average temperature (ºF) from late 20th century to mid-21st century.  Historical 
temperature trends map adapted from Serbin and Kucharik (2009) and projected trends produced by UW-
Madison Center for Climatic Research based on downscaling of 14 GCM’s from IPCC 4th Assessment 
Report.  Wisconsin climate datasets are found on WICCI website: http://www.wicci.wisc.edu/.  Historical 
increases in winter temperature indicate the state has warmed by 3.5-4.5 ºF in northwestern and central 
Wisconsin, with less warming in the northeast and southern parts of the state.  However, the state is projected 
to warm by 7.0-8.5 ºF by mid-21st century with the northwestern part of the state warming the most.  Much 
of the winter warming trends are due to an increase in nighttime minimum temperatures. 

 



Fig. 1 illustrates the downscaled (8 x 8 km grid) datasets for both historical and projected future 
climate changes in Wisconsin.  Direct metrics include temperature and precipitation that are 
being used to derive other metrics (e.g., frequency of intense storms, snowfall, humidity, 
evapotranspiration) of interest to various Working Groups.  All 15 Working Groups have 
completed their initial impact assessments that are being synthesized into the state’s first climate 
change impacts assessment report due in late fall 2010.  However, WICCI will continue to 
address the impacts of climate change as many new studies have been launched or are in the 
planning phase.  NTL-LTER will take on an ever increasing role of assessing the impacts of 
climate change on Wisconsin’s aquatic ecosystems and the services they provide.  
 
NTL investigators have been active participants in WICCI, and have built on NTL data and 
expertise for this collaborative, state-wide effort. Richard Lathrop (Co-Chair), John Magnuson 
(Co-Chair), Chris Kucharik, and Pete Nowak are members of the WICCI Science Council.  Chris 
Kuckarik also Co-Chairs the Climate Working Group.  Randy Hunt, Steve Loheide, Emily 
Stanley, John Walker, Chin Wu, Chris Kucharik, Richard Lathrop, John Magnuson, and Pete 
Nowak are also members of other Working Groups (e.g., Agriculture, Coastal Communities, 
Cold-Water Fish, Green Bay, Stormwater, and Water Resources).  Other NTL-affiliated 
participants conducting research pertinent to WICCI include post-doc Sapna Sharma and 
graduate student Yvonne Hsieh (supervised by NTL P.I.’s Jake Vander Zanden and Chin Wu 
respectively).   
 
 

Long-Term Modeling of Ice Cover and Thermal Structure in Lake Mendota  
 

In the past century, the historical air temperature record suggests a warming trend in southern 
Wisconsin, particularly during winter and spring seasons (Kucharik et al. 2010).  These changes 
should in turn have multiple effects on area lakes, such as later freezing and earlier ice breakup 
(Magnuson et al. 2000), warmer epilimnetic temperature (Arhonditsis et al. 2004, Dobiesz and 
Lester 2009), earlier onset of thermal stratification (Gerten and Adrian 2001), stronger 
temperature gradient across thermocline (Livingstone 2003), change in thermocline depth 
(Schindler et al. 1990), and prolonged stratification period (Wilhelm and Adrian 2008).  
 
To determine the consequences of these climate changes on ice cover and thermal structure of 
Lake Mendota, long-term, 100-year (1911-2010) simulations were performed using the 
DYRESM-WQI model.  Results show later freezing (9.8 days/100yr), earlier ice breakup (10.8 
days/100yr), and shorter ice duration (20.8 days/100yr; Fig. 2). In agreement with previous 
studies (e.g., Magnuson et al. 2000), the mean absolute difference between the model results and 
observations is 2.6 days and 4.1 days for ice-on date and ice-off date, respectively.  The model 
also captures the inter-annual variation of ice dates observed in other studies (e.g., Anderson et 
al. 1996; significant earlier ice breakup during El Niño events in 1965, 1972, 1976, and 1982).  



 

 
Fig.  2.  Modeled and observed ice-on and ice-off dates (a), and ice duration (b) in Lake Mendota.  Solid circles 
are modeled results and open circles are observations.  Linear trend line for observed ice duration is shown in (b).   

Model results also indicate the earlier onset of thermal stratification (6.8 days/100yr), later fall 
overturn (12.1 days/100yr), and prolonged stratification period (18.9 days/100yr; Fig. 3).  Earlier 
onset of stratification is most likely due to earlier ice breakup and the warmer April (strong 
correlation between April air temperature and onset dates are found).  The simulated 
hypolimnetic temperature shows a slightly decreasing trend (about -1 oC/100yr).  Nevertheless 
we did not find a significant trend for mid-summer epilimnetic temperature. 

To the best of our knowledge, this study presents the first attempt to continuously model both ice 
cover and thermal structure of a dimictic lake over a period of as long as a century.  The model 
successfully reproduced the inter-annual variations and long term trend in ice cover that agree 
well with the observations. Most importantly, the results indicate the impacts of warmer 
winter/spring (i.e. earlier ice breakup) can be transmitted to the fallowing summer (i.e. cooler 
hypolimnetic temperature, earlier onset of stratification, and longer stratified period).  



 

 

 
Fig. 3.  Time series of thermocline variables calculated from model results with trend lines: (a) date of 
stratification onset (r=-0.21), (b) date of fall turnover (r=0.38), (c) length of stratified period (r=0.37) 



Integrating surface waters into a regional carbon budget 
 
Recent syntheses suggest that globally, about half of the annual net global carbon input from the 
atmosphere to terrestrial ecosystems is passed on to streams, lakes and rivers.  This flux is of 
great consequence to the global C cycle, but is currently very poorly constrained.  To address 
questions about carbon cycling and potential climate change feedbacks we gathered a 
collaborative team of researchers and constructed a carbon budget for the ~6400 km2 Northern 
Highlands lake district (NHLD), integrating lake, stream, wetland and forests into the same 
framework (Buffam et al. in press).  We used a combination of approaches including new field 
surveys in wetlands (Buffam et al. 2010), tower-based CO2 flux measurements (Desai et al. 
2008), modeling using NTL-LTER and other data, and published literature.  This is one of the 
first ever complete carbon budgets at a regional scale to incorporate aquatic ecosystems.  
 
We found that growing upland forests are the largest contributors to current annual surface-
atmosphere carbon exchange (Fig. 4), thus in the short-term, management for increased forest 
productivity would increase the regional C sequestration.  However, >80% of the landscape's 
carbon storage is within lake sediments and wetland peat (Fig. 4). The disconnect between 
current rates and pool sizes implies very different turnover times in the different regional C 
pools.  Lake sediments and peatlands have accumulated over millennia, whereas most of the C in 
forests accumulated during the past century as secondary succession followed large-scale 
deforestation for timber.  For long-term C sequestration on the scale of centuries or more, 
preservation of the peat and lake sediment pools may be more critical than encouraging forest 
growth. 
 
How important are surface waters for regional carbon cycling? 
 
Because surface waters almost invariably serve to remove/receive C from their terrestrial 
watersheds, any C budget that does not account for that loss will overestimate terrestrial C 
accumulation.  In the NHLD, surface waters receive and process on the order of 7% of the 
annual net terrestrial C inputs.  This percentage is small relative to the global estimate (40-60%) 
– not because C exports to surface waters are low in the NHLD, but because current forest 
productivity (and thus net ecosystem exchange, NEE) is so high. 
 
As important as the amount of carbon exported to surface waters, is what happens to it once it 
gets there?  Most C is partitioned among three possible pathways with contrasting implications 
for climate feedback: (1) CO2 evasion to the atmosphere (mostly from lakes), (2) organic carbon 
burial in lake sediments, or (3) riverine runoff from the region.  In the NHLD, all of these are of 
similar magnitude (Buffam et al. in press), and the factors influencing the partitioning of carbon 
among these different fates is the subject of recent and ongoing research in the LTER program 
(Hanson et al. 2004, Cardille et al. 2009).  
 



Fig. 1. Schematic showing the major ecosystem types of the NHLD, along with best estimates of C flux rates and 
pool sizes. NEE = net ecosystem exchange: GPP = gross primary production; R = respiration; Sed = sediment burial. 
These best estimates are associated with varying degrees of uncertainty. Forests make up 54% of the NHLD area, 
wetlands 28% (including 20% peatlands and 8% other wetlands), and lakes 13%. 

What are the remaining major uncertainties in the regional C balance? 

(1) The largest pool uncertainty in this and many other lake-rich regions is storage in lake 
sediments.  The uncertainty in lake sediment storage is related to uncertainty in 
maximum sediment depth, in mean/maximum depth ratio, and in mean carbon content of 
the sediment.

(2) All important fluxes still have substantial uncertainty, with the primary cause being 
relatively low numbers of sites with consistent measurements over multiple years.  In 
particular, we recommend additional flux measurements in wetlands and in reservoirs, 
both currently under-represented in flux studies. 



(3) Hydrologic fluxes were an important but poorly quantified vector of C, and more detailed 
studies of the hydrologic export of C from individual ecosystem types, as well as runoff 
from the region as a whole, is recommended for the future. 

(4) Methane emission from lakes and wetlands, though a small contributor to landscape C 
balance, is highly uncertain and of relevance to climate because methane is a potent 
greenhouse gas. 

 
 

Water clarity responses to carp reduction in shallow eutrophic Lake Wingra 
 
Shallow fertile lakes characteristically are turbid with dense phytoplankton populations and few 
submersed macrophytes when benthivorous fish such as carp are overabundant.  These lake 
conditions often represent a “stable state” until benthivorous fish densities are reduced either by 
natural die-offs (e.g., winterkill) or through management efforts.  Many shallow lakes have been 
“restored” to a clear-water, aquatic macrophyte state by whole-lake carp eradications using 
chemical treatments, but this approach is not always effective due to lake size or interconnecting 
waters.  Further, in urban settings, chemically eradicating fish may not even possible due to 
public opposition.    
 
Lake Wingra, an NTL-LTER study site since 1996, is a popular urban lake in Madison, 
Wisconsin.  While the 140-ha lake is turbid with poor water clarity, a diverse community of 
aquatic macrophytes does exist even though most of the community is dominated by the invasive 
Eurasian water milfoil (Myriophyllum spicatum).  Native macrophytes have been able to survive 
because the lake has had little aquatic macrophyte management (herbicide treatments or 
mechanical cutting/harvesting) to control milfoil.    
 
For years, local citizen groups and governmental agencies have been trying to increase water 
clarity by watershed management 
practices that target reductions in 
phosphorus and sediment inputs to the 
lake.  Realizing that real water clarity 
improvements in the lake would require 
addressing an overabundant carp problem, 
local lake managers and scientists in 
conjunction with NTL-LTER initiated two 
studies in late summer 2005.  One study 
was a carp exclosure experiment to 
demonstrate how water clarity would 
respond to reduced nutrient recycling and 
sediment resuspension while also testing 
the response of milfoil and native 
macrophytes to clearer water.  The second 
study used radio-telemetry to determine 
when and where carp might be vulnerable 
to targeted removals by large seines. 
 

 
Fig. 1.  Carp exclosure experiment showing the much 
clearer water and luxuriant aquatic macrophytes growing 
in deeper water inside the 1-ha vinyl-wall  exclosure as 
compared to the surrounding water in Lake Wingra.  
(Photo: Mike DeVries, July 2007) 



Carp exclosure demonstration: 

The 1-ha exclosure experiment was conducted for 3 years at a scale that allowed lake 
managers/researchers and the general public to evaluate whether a whole-lake restoration project 
centered on reducing carp densities would be worth pursuing (Fig.5).  Water clarity increased 
rapidly once the exclosure was installed, but the contrast between the lake and the exclosure was 
most dramatic during the summer when blue-green algae growth was most abundant (Fig. 5).   
As expected, the density and depth distribution of aquatic macrophytes increased in response to 
the much clearer water, but most of the increased growth was due to Eurasian water milfoil, 
although native plants also expanded their depth distribution.  However, in spite of the prospect 
of increased milfoil growth, the exclosure’s demonstration of how much clearer the lake water 
could become galvanized public support for removing carp. 

Carp radio-telemetry study: 

In the fall of 2005, local fish managers implanted radio-transmitters in 14 carp captured from 
Lake Wingra; following fish recovery NTL-LTER conducted the radio-tracking for 2 years.  
Results of that study indicated that carp spend most of the open water season in relatively 
shallow water around the perimeter of the lake with many carp exhibiting fidelity to the same 
location.  One important finding, however, was that in mid-November immediately prior to the 
lake freezing over, all carp migrated to the deeper, center region of the lake (~3.0-3.5 m) where 
they remained during most of the winter.  This was the perfect location for winter commercial 
seining to reduce carp densities. 

Water clarity response to carp reduction: 

In March 2008, a 
commercial fisher 
removed 23,600 kg 
of carp followed by 
1,500 kg removed 
in March 2009.  
Based on mark 
recapture estimates, 
carp densities in the 
lake declined by 
51%, from 351 to 
172 kg ha-1.  NTL-
LTER scientists are 
closely following 
the full set of 
physical, chemical 
and biological 
responses in the 
lake.  One sign the 
lake restoration is 

Fig. 2.  Secchi disc data for Lake Wingra showing much greater readings 
throughout the open water period of 2008 and 2009 as compared to the previous 
12 years (1996-2007) following the carp removal in March 2008. 



 
Fig. 1. A) Comparison of invasion 
rates for natural and impounded 
lakes for 5 invasive species.  B) 
Number of invasive species in 
natural and impounded lakes 

working is that water clarity as measured by Secchi disc readings increased soon after the carp 
removals.  In both 2008 and 2009, Secchi readings have been greater than the average seasonal 
reading for the previous 12 years of record (Fig. 4).  In fact, many seasonal readings in 2008 and 
especially 2009 have been greater than the maximum seasonal reading observed during the 
previous 12 years, a condition that is particularly pronounced in the summer months when blue-
green algal blooms have been dense.  
 

 
Spread of aquatic invasive species in the NHLD 

   
The study of aquatic invasive species and their many ecological impacts have comprised an 
important and ongoing part of NTL-LTER research since the site’s inception in 1981.  In fact, 
much of the current understanding of how lake ecosystems and food webs change in response to 
species invasions is a direct result of NTL-LTER research: several of these lakes were invaded 
by exotic species in the 1980s and ‘90s, providing a unique opportunity to measure long-term 
change in response to biological invasions (Wilson et al. 2004).  Yet as aquatic invasive species 
such as Eurasian watermilfoil, rainbow smelt, zebra mussel, and spiny water flea proceeded to 
spread to the many thousands of lakes in the region, it became apparent that a broader 

geographic focus was needed in order to understand the 
spread and impact of these species.  
 
Our focal species for modeling spatial distribution of 
invasive species was rainbow smelt (Osmerus mordax).  
They were shown to have dramatic ecological impacts in 
LTER core study lakes, as they compete with and prey upon 
the young of native fishes (Hrabik et al. 1998, Beisner et al. 
2003, Mercado-Silva et al. 2007).  The species continues to 
spread, and now occupies >25 lakes in Wisconsin, and many 
hundreds of lakes in the Laurentian Great Lakes region.  Our 
approach was to develop statistical models predicting smelt 
presence/absence in Maine lakes, where smelt are native 
(Mercado-Silva et al. 2006).  Application of this model to 
lakes in Wisconsin identified ~ 550 lakes to be 
environmentally suitable for rainbow smelt.  This indicates 
that rainbow smelt distributions are far from saturated (<5%) 
on the Wisconsin landscape.  Further analysis of these lakes 
revealed that only a subset of the environmentally suitable 
lakes should reasonably be considered ‘vulnerable’ to 
invasion.  Some lakes do not have road access or residential 
development, and are thus unlikely to be subject to an 
introduction.  Other lakes do not contain populations of the 
fish species – walleye, yellow perch, lake herring – that 
based on NTL-LTER research, are known to be negatively 
impacted by rainbow smelt.  Taking into account these 
additional factors produces a list of less than 200 lakes in 
Wisconsin that are considered ‘vulnerable’ to rainbow smelt.  



From a resource managers perspective, this is a tractable number of lakes, and in theory, allows 
education and prevention efforts to be focused on these vulnerable lakes.  
 
Several other regional-scale studies of aquatic invasive species have been conducted as part of 
this work.  A multi-species study found that impounded lakes were significantly more likely to 
support populations of invasive species compared to natural lakes (Fig. 7; Johnson et al. 2008). 
Solomon et al. (2010) detected Chinese mystery snail (Bellamya chinensis) in half the lakes 
surveyed in the NHLD, but found little effect upon native snail communities. 
 
Based on the above research program, we have been developing and testing the viability of what 
we call a ‘smart prevention’ approach for invasive species management (Vander Zanden and 
Olden 2008).  The core idea is that access to environmental suitability and lake vulnerability 
information can help resource managers make better decisions, and more effectively prioritize 
their planning and management efforts.  Though it would seem that this information could be 
very useful to resource management staff, in reality, there were likely to be several constraints.  
Understanding how this approach could be implemented requires working directly with resource 
managers and ensuring that they have access to meaningful and interpretable information about 
site vulnerability to specific invasive species.  

 
We have been involved in a number of activities to help promote the implementation of this 
management approach.  In the last year, we held four role-playing workshops focusing on the 
idea of allocating resources to combat the spread of an invasive species.  Our research focused 
specifically on assessing how lake vulnerability information was used in the workshops, and how 
management outcomes differed in the presence or absence of such information.  In cooperation 
with the Wisconsin DNR, we have produced a ‘how-to’ video to help others interested in holding 
this type of ‘smart prevention’ workshop 
(http://dnrmedia.wi.gov/main/Viewer/?peid=dcb35f127ad14f47988057451ca0274a).  In 
addition, we launched a new website (http://www.aissmartprevention.wisc.edu/) with three 
components: 1) an online mapping tool for lake suitability to aquatic invasive species (Fig. 8), 2) 
smart prevention workshop materials, and 3) an overview of AIS research conducted at the UW 
Center for Limnology.  Our web-based mapping tool currently includes assessments for two 
aquatic invasive species: zebra mussel and rainbow smelt.  It is designed to provide managers 

 
Fig. 2. A screenshot from the invasive species interactive mapping system 



and the general public with access to our assessments of lake vulnerability for > 11,000 
Wisconsin lakes (Papes et al. in review).  We will continue to add new species as they become 
available.  Since March of 2010, the site has had >3000 thousand visits, and is increasingly used 
by state and county staff in their efforts. 

 
 

Estimating the cost of invasive species in Northern Highlands lakes 
 
Making a convincing case for ecosystem services ultimately depends on our ability to develop 
reliable estimates of the actual financial value of these services- a task that is challenged by 
several methodological hurdles.  The contingent valuation (CV) method for non-market 
valuation of ecosystem services typically involves presenting the respondent with a choice to pay 
for a program intended to improve future outcomes, such as a program to place parcels into 
conservation easement, or a program to manage an invasive species.  However, deducing the 
value of the good (or bad) at the core of the program—the welfare gain generated by a parcel of 
conserved land, for instance, or the loss incurred by a species invasion—often is not possible 
because respondent preferences are conflated with their expectations about future environmental 
outcomes in the absence of the program.  For example, a respondent may believe that a parcel of 
land is highly unlikely to be developed, and therefore may be unwilling to pay for a conservation 
easement program despite the high value they place on the parcel’s open space character.   
 
Provencher et al. (in review) demonstrate mathematically the conflation of expectations and 
preferences, and argue that, it is unlikely to generate estimates that are robust to the specification 
of the willingness to pay (WTP) function.  They show that additional survey data that explicitly 
elicits respondents’ expectations can resolve this problem.  These formal arguments were applied 
to the case of preventing invasion of Eurasian Watermilfoil (Myriophyllum spicatum), an 
invasive aquatic plant that is present in many lakes in the northern U.S. and Canada and a 
possible threat to many more.  The valuation exercise was applied to households with shoreline 
property on lakes without milfoil, and home owners were asked questions about a referendum on 
a program to prevent a milfoil invasion.  Data for the analysis were generated from a web and 
mail survey of a sample of lakeshore property owners in the Northern Highlands Lake District.  
Sample property owners were initially surveyed in the summer of 2005, and then again in the 
early fall 2008.  Overall, 2955 households were contacted in the 2008 survey, with 1565 (53%) 
providing usable responses. 
 
The annual welfare loss from an invasion was determined to be approximately $1800 per 
shoreline property.  Importantly, the results illustrate the consequence of conflating expectations 
and preferences, as estimates of the unadjusted annual willingness to pay for a program to 
prevent milfoil invasions was approximately $570, significantly less than the estimated annual 
welfare loss of an actual invasion.  The disentangling methodology is supported by results of a 
different CV question asked of households on lakes that already have milfoil.  The willingness to 
pay of these respondents, queried as to how they would vote on a program to control the existing 
milfoil on their lake, was much greater than willingness to pay for a program to prevent milfoil, 
but similar to the estimated loss from an actual invasion, which accounts for expectations.   
 
In addition to eliciting explicit values for respondent expectations about the future of the 
environmental good in the absence of an intervention, the survey of lakeshore property owners 



also asked respondents to report the probability that they would vote “yes” on the referendum 
were it to actually occur.  This contrasts with typical binary yes/no options, or less common 
likert-scale type response options or follow-up uncertainty questions that require strong 
assumptions necessary to map imprecise expressions of uncertainty into probability space.  
Provencher et al. develop an econometric model that explicitly incorporates respondent 
probabilities in the estimation of the willingness to pay function.   
 
The validity of the stated preference CV approach to estimate the cost of a milfoil invasion was 
assessed by comparing it to results from a revealed preference hedonic price analysis.  Horsch 
and Lewis (2009) used market sales data for shoreline properties in Vilas County, and accounted 
for the possibility that unobservables correlated with a lake’s vulnerability to a milfoil invasion 
might also affect the market value of its shoreline properties.  The analysis examined over 1800 
shoreline property sales on 172 lakes in Vilas County over the 10-year horizon 1997-2006, using 
two models.  Table 1 presents results of the comparison.  The presumption in the table is that the 
present value of milfoil loss is capitalized in shoreline property values.  The per-property 
reduction in property value due to a milfoil invasion is estimated at $28,294 to $32,087, 
depending on model specification.  Both of these values are close to the CV estimates of a 
welfare loss (net present value) of $23,614 to $30,550, revealing strong convergence between 
these two distinct approaches.  
 
Table 1. Comparison of Estimated Present Value of Welfare Loss from a Milfoil Invasion 

Analysis: Present Value ($) 95%  Confidence 
Interval ($) 

Milfoil Prevention Contingent Valuation:   
With income (estimated annual loss=$1373) 30,550 {17,283, 47,884} 
Without income (estimated annual loss=$2106) 23,614 {14,709, 39,145} 

 Milfoil Control Contingent Valuation:   
 With income (estimated annual loss=$1521):   

 r=.03 52,221 {40,445, 79,588} 
 r=.06 26,871 {20,811, 41,375} 
 r=.09 18,421 {14,267, 28,364} 
 r=.12 14,196 {10,995, 21,859} 
 Without income (estimated annual loss=$1226):   
 r=.03 42,092 {33,303, 53,633} 
 r=.06 21,659 {17,137, 28,426} 
 r=.09 14,848 {10,778, 19,487} 
 r=.12 11,443 {9,053, 15,017} 
 Horsch and Lewis Hedonic Study (2009):   
 Linear fixed effects 28,294 {9,656, 46,933} 
 Nonlinear fixed effects 32,087 {4,382, 59,792} 
 



 NTL Information Management 
 

The information management team at NTL-LTER has seen major changes during this past year. 
Barbara Benson retired from her position and was replaced by Corinna Gries, formerly 
information manager at CAP-LTER.  David Balsiger retired in July 2010 and his replacement, 
Aaron Stephenson began working earlier this summer.  Stephenson brings extensive GIS and 
general IT project development expertise to the team.  In addition a full time programmer, 
Preston Alexander was recently hired for one year.  Therefore, an important part of IM activities 
during this past year was the hand-over of the information management system, a system that has 
been accumulating data for over 30 years.  Gries was introduced to and has assumed 
responsibility for the NTL sample collection at the Zoology museum in addition to the day to day 
data management.  
 
After many years of successful additions, changes, and improvements, it was decided that the 
NTL-LTER website needs a major overhaul in technology as well as look and feel.  Particularly 
better responsiveness to news and exciting findings from NTL and LTER in general is desired.  
Therefore, NTL is joining a growing group of LTER sites that are collaborating in using the 
content management system DRUPAL for website development.  Content models have been 
developed in DRUPAL by LNO staff for the most common aspects of LTER site data 
(personnel, EML metadata, research projects, research sites etc.) and data have been transferred 
from the original data model used at NTL and stored in Oracle to the MySQL back end for 
DRUPAL.  Standard DRUPAL modules will be used to handle publications and images, and 
both are already deployed locally in other applications.  In spring Gries took a leadership role in 
developing a coordinated supplement proposal among six LTER sites to develop DRUPAL 
modules which can be used by all sites involved and will provide LTER specific functionality.  If 
funded, development will take place at NTL and the Marine Biology Lab at Woods Hole where 
experienced DRUPAL developers have been involved with the Encyclopedia of Life DRUPAL 
implementation. 
 
The first application built in DRUPAL captures information on field research activities at the 
Trout Lake field station, allowing the management to better coordinate research activities and 
subsequent cleanup.  This application will be implemented for NTL LTER project as well as the 
Microbial Observatory project for their project management needs and is currently being field 
tested. 
 
The second major project started this year is to update work flows for processing long term data 
sets.  Most of these data are submitted to the NTL IM lab periodically as standardized 
spreadsheets and need to undergo Q/C routines, some calculations and rearrangements before 
uploading into the central database.  Currently this is accomplished via Perl, Fortran, PHP 
sripts/programs, the Oracle specific SQL language PL/SQL, and Oracle triggers.  The Kepler 
workflow system has been chosen to accomplish this task and several new workflow have been 
developed already. 
 
In collaboration with Calit2 (formerly San Diego Super Computing) at UCSD, we are currently 
implementing DataTurbine for harvesting streaming sensor data from buoys in NTL research 
lakes.  Kepler is being employed to process the data streams directly from DataTurbine, apply 



basic Q/C procedures and upload data into final storage.  To fully take advantage of 
DataTurbine, several upgrades in the buoy system are necessary, which will be implemented 
over the next year.  For final storage we are currently experimenting with CUAHSI’s 
Observation Data Model.  However, this is a longer term project because the basic NTL data 
query application is laid out for matrix type tables, not the attribute – value approach taken by 
the ODM, and new local data access application will have to be developed.  The advantage of 
using the standard ODM lies in instant participation of the data in the large CUAHSI Hydrologic 
Information System (HIS), the use of their applications, the possibility of developing more stable 
applications locally, and extensive collaborations. 
 
All steps described above are taken with the goal in mind to outsource NTL’s web and database 
servers to a commercial hosting company.  For being able to rent server space rather than 
maintain a server locally, it is necessary to move the data from Oracle to an open source database 
such as MySQL.  MySQL has been chosen for the table data because of the large code base 
available for DRUPAL and MySQL.  However, GIS data storage will be accomplished in the 
upcoming year in PostgeSQL/PostGIS with display applications built on GeoServer. 
 
Gries continues to contribute to LTER network activities as IM representative to the Executive 
Board and member of the IM executive committee.  She participated extensively in the review 
process of the LNO operational plan to NSF and is part of the writing team for the new edition of 
the EML Best Practices document which recently met.  In addition she serves on the user group 
for the Oak Ridge National Lab Distributed Active Archive Center (ORNL DAAC). 



Research Summaries 2009-10 
 

A linked groundwater-surface water hydrologic model (GSFLOW) has been implemented for 
the Trout Lake basin and calibrated using high-frequency transient data sets (Walker et al. 
2009).  Using this model, we have been able to provide a hindcast of the hydrologic system 
for the past 50 years.  The predictions include streamflows, groundwater levels and complete 
lake budgets for thirty lakes in the northern NTL study area.  The model will be used to 
forecast future changes in lake hydrology using finalized IPCC climate scenario input 
provided by the Wisconsin Initiative for Climate 
 

• We developed a one-dimensional hydrodynamic model specifically for the study of small 
sheltered lakes, such as the NTL study lakes Crystal Bog and Trout Bog.  Bog lakes are 
common in temperate latitudes, yet differ from clearer larger lakes due to their darkly stained 
waters, wind sheltering, and significant sediment heat flux.  These properties have resulted in 
poor model fits with existing modeling packages, which are typically developed for larger 
lakes and reservoirs.  We are currently using the model to investigate seasonal stratification 
and mixing patterns, gas flux dynamics, evaporation, and inter- and intra-seasonal changes in 
water color. 

• A new modeling infrastructure package called ‘Multimodeler’ 
(http://144.92.62.168/multiModeler/) has been developed to combine multiple 1D 
hydrodynamic-water quality simulation scenarios into a single modeling submission to either 
local computing resources or a campus-wide distributed computing system.  Multimodeler 
allows us to run many different scenarios across broad gradients of lakes – both observed 
gradients, such as those represented by field data obtained by LTER, and theoretical 
gradients, such as future climate scenarios.  

• Often it is extreme events rather than changes in mean conditions that have the most severe 
environmental and human consequences.  We examined changes in the occurrence of 
extremes in the timing of annual formation and disappearance of lake ice in the Northern 
Hemisphere.  Our analyses of lake ice time series reveal significant increases in the odds of 
extreme events, such as extremely short ice duration associated with warmer conditions and 
decreased odds of extremely early freeze date associated with cooler conditions.  The 
changing odds of extreme lake-ice phenology were primarily the result of changes in the 
mean ice dates rather than changes in variability. 
 

• Peat deposits contain ca. 1/6 of the earth's terrestrial fixed carbon (C), but uncertainty in peat 
depth precludes precise estimates of peat C storage.  To assess the size of the peat C pool in 
the Northern Highlands Lake District (NHLD), we sampled 21 peatlands and modeled mean 
depth using environmental parameters.  Most NHLD peatlands were formed by in-filling of 
small lake basins (terrestrialization) and depths up to 15 m were observed.  Mean peat depth 
for small basins could be well predicted from basin edge slope at the peatland/upland 
interface calculated from digital elevation (DEM) data.  This model was used to estimate a 
regional mean peat depth of 2.1 ± 0.2 m, and peat C pool of 144 ± 21 Tg-C.  As DEM data 
are widely available, this technique has the potential to improve C storage estimates in 
regions with peatlands formed primarily by terrestrialization. (Buffam et al. 2010) 

 



• The Wisconsin Wetland Observatory was established to monitor effects of weather and 
climate on wetland water tables in the Northern Highlands Lake District.  The long-term 
objective is to better constrain the impact of climate change on fluxes of water and carbon. 
Two families of sensor nodes have been distributed across paired catchments to measure 
water levels, bulk water chemistry, rainfall and evaporation.  The two networks, one built in-
house and the other purchased commercially, constitute an automated array of sensors that 
can function unattended for months at a time and transmit data to a distant base station via 
low power radios.  This project is a collaborative effort involving partners from the 
Wisconsin Department of Natural Resources, Global Lakes Observatory Network, and NTL-
LTER. 

• Wetlands have high water residence time and are often viewed as hot spots for 
biogeochemical cycling.  However, when standardized to a common unit of time, rates of 
stream vs. wetland nitrate uptake were not significantly different for 8 paired systems in 
northern Wisconsin.  These results suggest broad similarities in the rates and processes 
determining nutrient uptake across diverse systems, and overarching controls of hydrology 
and background nutrient chemistry. 

• We have completed seasonal measurements of methylmercury production in the Allequash 
Creek wetland.  Microbial communities in shallow groundwater are producing 
methylmercury.  Production rates and concentrations peak (0.25/d and 8.29 picomolar 
respectively) in summer and fall months when the water temperature is highest.  Sulfide (S2-) 
concentrations are negatively correlated while dissolved organic carbon (DOC) 
concentrations are positively correlated with methylation rates and methylmercury 
concentrations.  We are currently using experimental microcosms better understand the exact 
relationships between S2- and DOC and methylmercury production. 

• We conducted summertime eddy covariance CO2, H2O, energy, and momentum flux 
observations off a fixed platform on Trout Lake. This is the first lake eddy flux observation 
for the LTER, and was the subject of a UW undergraduate independent research project. He 
found strong relationships of CO2 flux data to periodic measurements of aquatic pCO2, 
although there was large variability in the residual, especially in the evening when cold-air 
drainage flow sets up over the lake.  

• Dissolved oxygen (DO) is controlled by physical, chemical and biotic drivers.  We examined 
DO variability over scales ranging from minutes to days and assessed the relative 
contributions of several physical and biotic drivers to this variability.  We used high 
frequency measurements of DO, wind, temperature, and photosynthetically active radiation 
(PAR) over periods of approximately 4 days from 25 lakes in northern Wisconsin to model 
relationships over a range of temporal scales and lake types using a neural network. At the 
diel scale, biotic factors control most of the DO signal.  At sub-diel scales, temperature and 
wind largely explain variability in DO.  High frequency events such as internal waves may be 
involved in some of the sub-diel-scale dynamics we observed.  Inter-lake variation suggests 
that the importance of drivers may be a function of lake trophic level and lake size.  
(Langman et al. 2010) 

 



• A novel biotically-oriented observational platform has been deployed on Lake Mendota to 
automatically sense indices of phytoplankton community and other critical limnological 
parameters at high-temporal and vertical resolution. 

• We have now compiled 33 years of complete phosphorus budgets for Lake Mendota.  This 
long-term record shows that dissolved reactive phosphorus accumulates in Lake Mendota’s 
epilimnion under two conditions: (1) when the highly effective grazer Daphnia pulicaria is 
abundant, and (2) when phosphorus loads are exceptionally high. At these times, 
phytoplankton in the lake appear not to be limited by phosphorus.  Case (1) is attributed to 
limitation of phytoplankton by grazing and case (2) is attributed to light limitation. 

 
• A goal of many aquatic studies is to predict ecosystem characteristics without having to 

measure everywhere or all the time.  This is often accomplished by using comparative or 
long-term (time-series) data.  However, much is yet to be learned about the relative capacity 
of these types of data to predict lake characteristics.  We used 25 yrs of chemical data from 7 
NTL-LTER lakes to quantify the capacity of historical characteristics of a lake or the current 
state of neighboring lakes to predict a lake's state.  We found that predictive models 
including current data from neighboring lakes preformed on average 45% better than models 
which predicted lake state from historical data.  These results suggest that historical lake 
characteristics exert less of an influence on the current chemistry of a lake than interannual 
variability in climate. 

 
• Blue-green algal blooms in Lake Mendota continue to be a chronic problem, yet complete 

understanding of their drivers, how the drivers interact across different spatial and temporal 
scales, and prediction of bloom occurrence remain elusive.  We are taking a multifaceted 
approach to studying bloom dynamics that involves intensive spatial and temporal 
monitoring, analysis of historic lake data, and development of new models that combine 
climate, limnological, genetic, and hydraulic information to predict future bloom 
occurrences.  These efforts have shown that early season phosphorus concentration, 
temperature, and community composition have persistent effects on algal blooms throughout 
most of the summer stratified period.  Further, future changes in nutrient loading are 
predicted to be more important for phytoplankton biomass than changes in temperature 
associated with climate change. 

• Ecological effects of drought are often difficult to study because of the long return interval 
between events.  However, long-term phytoplankton records for two of the NTL study lakes 
provide us with an unusual opportunity to observe two drought periods in northern 
Wisconsin lakes.  Further, these data sets are being used to merge ecological sampling efforts 
with paleolimnological methods, as NTL sampling provides rare detailed calibration data for 
photosynthetic pigment information from 210Pb- dated sediment. 

• Lakeshore residential development is associated with reductions in critical fish habitat in the 
littoral zone, such as coarse woody habitat (CWH).  We performed a cross-lakes survey of 
largemouth bass (Micropterus salmoides) nesting behavior and found that largemouth bass 
exhibit a strong affinity toward CWH.  However, when CWH is at low densities, bass use 
smaller pieces of wood and twigs in nest construction or move to deeper depths to 



incorporate CWH into their nests.  Furthermore, we found that docks do not act as a 
surrogate for CWH in largemouth bass nest construction. 

• Cisco (Corgeonus artedii) and other coldwater fishes are potential sentinels of multiple 
stressors, including climate change and invasion of non-indigenous species.  We predicted 
the independent and combined effects of climate change and invasion of rainbow smelt on 
cisco extirpations in 13,000 Wisconsin lakes.  Depending upon the degree of climate 
warming, 25 – 70% of cisco could be extirpated by 2100.  Rainbow smelt could eliminate 0 - 
50% of cisco by 2100, depending upon assumptions about invasion and impact rates of 
rainbow smelt.  As such, cisco extirpations resulting from loss of suitable thermal habitat 
from climate change exceed extirpations driven by biotic interactions with rainbow smelt.  
However, the combination of climate warming and invasion of rainbow smelt could lead to 
the extirpation of approximately 88% of cisco in Wisconsin by 2100 based on the least 
conservative climate change and invasion models.  

• Unfortunately, as predicted in most recent renewal proposal, LTER researchers discovered a 
new invasive species, the spiny water flea (Bythotrephes cederstroemi) in the Madison chain 
of lakes (Mendota, Monona, Kegonsa, Waubesa) in September 2009.  Densities recorded in 
Mendota during fall of 2009 were among the highest on record for this species (>200/m3). 

• We conducted an exhaustive meta-analysis of zebra mussel impacts on lake food webs 
(Higgins and Vander Zanden 2010). The analysis included the full range of limnological and 
ecological variables, and provides a quantitative basis for understanding the transformative 
role of this invasive species, and for predicting future ecological impacts.  

• For the past 8 years, we have been removing the invasive rusty crayfish (Orconectes 
rusticus) from Sparkling Lake, one of the core NTL study lakes.  This removal, in 
combination with changes to fishing regulations, has resulted in a drastic decline in the rusty 
crayfish population.  We ceased removing crayfish in 2008 and are currently studying the 
ecosystem response, including whether changes in the fish community are sufficient to 
maintain low rusty crayfish densities.  To date, densities remain low and the decline has 
allowed a sharp increase in snails, macrophytes, and Lepomis spp. (sunfish). Zoobenthos 
have not responded, suggesting that fish have shifted to feeding on (non-crayfish) 
zoobenthos, highlighting the complex food web interactions in this system. 

• We are investigating the effects of a thermal manipulation on one of our 7 NTL-LTER study 
lakes, Crystal Lake, as a means of extirpating a cold water invasive fish (rainbow smelt, 
Osmerus mordax).  Using destratification to alter the heat budget of the lake, we hope to 
eliminate cold water habitat for this invader by continuously mixing the water column.  
Preliminary simulations predict a summer change in hypolimnion temperature from ~7 to 
19°C.  In turn, fish bioenergetics models indicate that increasing water temperatures will 
surpass lethal weight loss thresholds for adults, and that the manipulation will need to be 
repeated for consecutive years to completely extirpate smelt from the lake. 

• Only through consideration of both human behavior and invasive species ecology can the 
spread of aquatic invasive species be forecast given various management regimes.  We are 
combining multiple econometric models of human behavior and niche spread prediction 



models to forecast the effects of various management strategies on the spread of Eurasian 
water-milfoil (Myriophyllum spicatum) and other aquatic invasive species in the NHLD.  We 
piloted a small (N=200) Internet travel cost survey during summer 2009.  During summer 
2010, we administered the full travel cost survey (N=1000), inspected ~800 boats at Vilas 
County boat launches for invasive species, and surveyed a sample of Vilas County lakes for 
presence/absence and abundance of invasive species. 

• Ecosystem management transformations were investigated using a social-innovation 
framework to compare three case studies: the Yahara watershed of NLT-LTER, Kristianstads 
Vattenrike in Sweden, and the Sabie River basin in South Africa.  The analysis suggests that 
ongoing environmental degradation, increasing environmental awareness, and shifting 
societal values are creating fertile ground for the emergence and adoption of new approaches 
to ecosystem management.  Based on the case studies we examined, we suggest that 
initiatives that foster environmental awareness and attachment to local ecosystems help to 
develop capacity for social entrepreneurship in the environmental arena, promote dialogue 
between key stakeholders, and provide institutional support to new institutions that in turn 
may facilitate the emergence of integrated, collaborative ecosystem-management approaches. 
(Biggs et al. 2010) 

 
• Resilience thinking is concerned with understanding the dynamics and development of 

complex social-ecological systems (SES).  Terminology and concepts of resilience thinking 
are sometimes confusing.  We participated in a project to standardize definitions and provide 
a glossary of key terms related to resilience thinking. Resilience is the tendency of a SES to 
continually change and adapt yet remain within critical thresholds.  Three aspects are central: 
resilience as persistence, adaptability and transformability. Adaptability is part of resilience.  
It represents the capacity to adjust responses to changing external drivers and internal 
processes and thereby channel development along the current trajectory.  Transformability is 
the capacity to cross thresholds into new development trajectories.  Transformational change 
at smaller scales enables resilience at larger scales, while the capacity to transform at smaller 
scales draws on resilience from multiple scales, making use of crises as windows of 
opportunity for novelty and innovation, and recombining sources of experience and 
knowledge to navigate social-ecological transitions. (Folke et al. 2010) 

 
• We started a new collaboration among artists and NTL scientists, called LTEArts 

(http://lter.limnology.wisc.edu/ltearts/), to create new ways to share scientific results with the 
public through the arts.  Six local artists met with NTL scientists in a three day workshop in 
June 2010 to discuss NTL science and future scenarios of change.  The artwork produced 
from this project will be shown at various public venues. We hope to increase public 
understanding of lake ecology, highlight research results from our LTER lake studies, and 
encourage people to take an active role in defining and influencing the future of our lakes. 
Similar projects are underway at AND, BNZ, and HFR. 

• NTL along with collaborators from the Wisconsin Department of Natural Resources, 
University of Wisconsin Extension, United States Forest Service, and United States 
Geological Survey organized “Science in the Northwoods” (SNW).  SNW was a three day 
conference in northern Wisconsin organized to bring individuals from local, regional, state, 
federal, academic, and private sectors together to discuss ecological and environmental 



research in the Northern Highlands Lake District (location of seven NTL core study lakes).  
Approximately 100 individuals representing 13 different groups attended the conference with 
50% of the individuals giving short presentations about active research in the region. 
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