
MAJOR FINDINGS AND ACTIVITIES 

 

 

This past year has been a productive one for the North Temperate Lakes (NTL) LTER program.  

Below, we highlight what we feel are the most significant scientific contributions from the past 

year, drawing on findings from a wide spectrum of topics.  These major findings primarily 

represent bodies of work and future directions within the context of the new grant cycle, which 

started in October 2002, rather than finished products and draw from both published and “in 

press” sources as well as draft manuscripts we are currently preparing for submission.  These 

four research summaries represent only a small portion of a much larger body of work from our 

site.  The science “nuggets” listed after the summaries attempt to portray the breadth of coverage 

we are undertaking for this new funding cycle.  For the most complete listing of research 

findings and publications, please refer to our website at lter.limnology.wisc.edu. 

  

 



Monitoring and Modeling long-term change 

 

Cylindrospermopsis raciborskii (Fig. 1, Cylindro) is a subtropical blue-

green alga that has been migrating northward through the U.S.  Cylindro 

is of particular concern because it is known to produce toxins that can 

seriously affect the health of humans and animals if ingested in sufficient 

quantities.  While the exotic alga was first recorded in eutrophic Lakes 

Mendota (3,985 ha) and Monona (1,326 ha) in 1994, Cylindro was not 

recorded at bloom densities in area lakes until 2001 in highly eutrophic 

Lake Wingra (140 ha).  Here, it peaked at densities of 209,000 cells/mL in mid-August, 2001 - 

double the World Health 

Organization’s toxic blue-

green algae alert threshold of 

100,000 cells/mL.  Archived 

Wingra algal samples 

collected during 1996-2002 

are being analyzed and 

compared with long-term 

Mendota and Monona 

phytoplankton data.  These 

long-term data showed that 

Cylindro occurred almost 

exclusively in late summer and early fall (Fig. 2) and has been low or absent in other summers 

except for a few years of moderate densities.  Cylindro is well established in area lakes and 

seems to be increasing in abundance.  We are now investigating toxic bloom dynamics via 

development of a three-dimensional non-hydrostatic and stratified flow model (3DNHYS).  

Based on the Princeton Ocean Model (POM; Mellor 2002), the state-of-the-art 3DNHYS (Yuan 

and Wu 2003a, Yuan and Wu In review) incorporates the recently recognized importance of non-

hydrostatic pressure, especially for circulation simulations on lakes with steep or irregular 

bathymetries.  We used this ecosystem model to examine temporal and spatial variations in 

cyanobacterial distribution.  By mapping real-time algal concentrations into 3DNHYS and 

Figure 1. The curly 
morph of C. raciborskii 

Figure 2. Seasonal dynamics of C. raciborskii in Lake Monona, WI. 



running the model to predict bloom formation and dynamics (Fig. 3) we are beginning to 

understand the mechanisms behind these complicated patterns, including the large effect that 

wind-induced circulation 

plays in regulating off-shore 

transport. This model 

provides us with a unique tool 

to help understand algal 

bloom formation in lakes as 

well as insights into the 

physical and ecological 

factors that may help direct 

potential Cylindro 

management efforts. 

 
 

Yuan, H. and Wu, C.H.  2003a. A non-hydrostatic model with an implicit method for free-
surface flows. International Journal for Numerical Methods in Fluids. Accepted pending 
revision. 

Yuan, H. and Wu, C.H.  In Review. A Three-Dimensional Fully Non-hydrostatic Model with 
an Implicit Algorithm for Free-Surface Flows. Computer Methods in Applied Mechanics and 
Engineering.  

George L. Mellor, Users guide for a three-dimensional, primitive equation, numerical ocean 
model, 2002.  

Figure 3. Modeled flow and bloom dynamics in Lake Wingra (6 hour 
model run: 0.05 m/s W, non-buoyant algae initially concentrated on W 
shore). 



Remote-sensing of spatial and temporal variability 

 

 Many ecological systems are characterized by high 

spatial and temporal variability (Kratz et al. 2003), non-linear 

dynamics (Carpenter 2003), and coupled physical/biological 

processes (Hamilton and Schladow 1997).  This combination of 

traits often results in complex spatial and temporal patterns of 

ecological processes and phenomena. Understanding the causes 

and consequences of these patterns presents major scientific 

challenges that are both ecological and technological in nature. 

The difficulty of collecting, managing, and analyzing data 

sampled at varying frequencies (minutes to weeks) at locations 

distributed widely across a landscape hampers our ability to 

observe, let alone understand, complex spatial and temporal dynamics.  Recent advances in 

smart, networked arrays of field-deployed sensors offer new promise for collecting ecological 

data at these scales.  However, building, operating, and optimizing these systems require the 

collaborative efforts of experts in multiple disciplines. Integrating the hardware capable of 

sensing and communicating key ecological data in a power-limited environment, and designing 

an information management system to interpret signals and control the operation of the sensor 

arrays are areas of active, cutting-edge research in information technology. 

At the NTL LTER, we have deployed instrumented buoys to study a variety of physical 

and biological phenomena in lakes. These buoys sample limnological and meteorological data at 

high frequency (0.02 Hz) for extended periods using automated sondes.  Lake metabolism, the 

balance between gross primary production and respiration, is one example of a process well-

suited for study using this technique.  Using both sondes (dissolved diel O2) and more 

conventional bottle (14C uptake and O2 consumption) methods, we found that diel O2 dynamics 

were similar among sites within a lake when macrophytes were absent.  Dense macrophyte beds 

dramatically increased diel O2 amplitude at the plant-dominated sites (Fig. 2).  Importantly, at 

sites with macrophytes, sonde estimates of productivity and respiration were 4-8 times greater 

than bottle estimates, suggesting that non-planktonic biota in the littoral zone contribute 

significantly to lake metabolism (Lauster et al. In review).  This often ignored source of primary 

Figure 1. NTL-LTER scientist 
adjusts an instrumented buoy on a 
remote study lake. 



production may prove to be much more important than previously imagined in balancing whole-

lake metabolic budgets.  
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Figure 2. Sonde-based dissolved oxygen changes in 2 lakes for 2 days from 
3 different habitats (pelagic=gray shading). 



Landscape-level spatial patterns 

 

The Wisconsin Satellite Lake Observatory Initiative (SLOI; www.lakesat.org) has 

brought together scientists and lake managers from NTL-LTER, the Wisconsin Department of 

Natural Resources, and other organizations, with the goal of improving the use of satellite remote 

sensing  for monitoring Wisconsin’s numerous inland lakes (Lillesand et al., 2001).  In the past, 

satellite-based assessment of lake water clarity has relied on large quantities of expensive field 

data, such as in-situ atmospheric measurements or field or laboratory spectra.  SLOI, with the 

volunteer sampling programs (e.g., Lakewatch), has pioneered a technique that makes use of 

widely-available multispectral satellite sensors to provide water quality data in a timely and cost-

effective manner. 

SLOI has demonstrated that multispectral satellite imagery can be used to predict lake 

transparency over large areas using an empirical approach.  A statewide database of lake 

transparency data has been developed by applying this protocol to Landsat TM and ETM+ 

images (Kloiber et al., 2001; Olmanson et 

al., 2001).  For the 1999-2001 time period, 

17 scenes were analyzed, providing 17,023 

predictions of Secchi disk transparency for 

8,645 lakes across Wisconsin.  The median 

r2 value for the regression models 

associated with these Landsat scenes was 

0.79.  An accuracy assessment using 233 

validation lakes was also conducted, 

resulting in RMSE values ranging from 

0.61 to 0.89 m.  The resulting database is 

the largest such systematic collection of 

lake clarity data ever compiled for 

Wisconsin (Fig. 1).  

This lake transparency database is now being extended backwards in time, using archival 

imagery and field observations from the early-1990s.  In the future, as new cloud-free scenes are 

acquired during the July-September index period each year, we will augment this database.   

Figure 1: Map of Landsat-derived lake water clarity 
estimates for NTL-LTER Trout Lake Region. 



The protocol is also being 

extended for use with other sensors.  In 

particular, efforts are now underway to 

test methods for lake assessment using 

multiple satellite platforms characterized 

by a range of spatial, temporal, and 

spectral resolutions (Fig. 2).  The results 

of these and other related studies should 

lead to improvements in the application 

of satellite remote sensing to the 

monitoring and management of 

Wisconsin’s lake resources. 
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   Figure 2: Relationship between TM1/TM3 spectral 
radiance ratio and ln(SDT), for lakes in two Landsat 
paths: Path 24 on 27 July 1999 (black diamonds; n=114 
lakes, R2=0.76), and Path 26 on 5 Sept. 2000 (white 
squares; n=119 lakes, R2=0.75). 



Forecasting socio-ecological change 
 

Scenarios have long been used for business and military planning (e.g., van der Heijden 

1996, Hammond 1998), with each scenario a description of what the future could be, rather than 

a prediction of what the future will be.  Ecologically, global scenarios have addressed a number 

of environmental issues (Nakicenovic and Swart 2000), but there is less experience with 

scenarios for regional or local conservation problems (Wollenberg et al. 2000).  Scenarios of 

future change were developed to explore the ability of the Northern Highlands Lake District 

(NHLD) to maintain its present social and ecological features despite changes driven from 

outside the region.  Each starts from a common baseline (Fig. 1), which summarizes events from 

2002 – 2007. Then, each scenario traces a different sequence of events until 2027. In Anaheim 

North (Fig. 2), the NHLD develops rapidly as tourism expands around theme parks in highly-

Figure 1: In this baseline scenario, at present, the remote lakes of Wisconsin's Northern Highlands offer plenty of 
fish, wildlife, and quiet for enjoying nature. 
 

Figure 2: In this Anaheim North scenario, larger lakes near major towns are developed for theme parks, water parks 
and motorized recreation. 



developed population centers. In Walleye Commons, unexpected environmental problems lead to 

a decline in population followed by gradual reorganization around tribal initiatives. In 

Northwoods Quilt, growth and diversification of the population lead to resource conflicts which 

are resolved by a system that allocates recreational lands and lakes for certain specified uses. In 

Refugee Revolution, terrorism in Chicago leads to population growth as well as more 

governmental control of resource use.  

A computer simulation model has been developed to quantify the scenarios.  The model 

will be converted to a game, which can be used to explore the effects of different policies on the 

NHLD.  We are currently conducting a survey with residents and visitors of the NHLD, to obtain 

feedback about the scenarios. The scenarios, models and feedback will improve LTER research 

by expanding the set of driving forces and key variables considered.  More importantly, the 

scenarios and games may help the people of northern Wisconsin steer the NHLD away from 

unwanted futures and toward desirable ones (Peterson et al. 2003). 

The NHLD scenarios project was introduced to the public at the Vilas County Annual 

Lakes Fair. In Summer 2003, several articles appeared in Wisconsin newspapers describing the 

NHLD Scenarios project.  In addition, we placed advertisements in northern newspapers inviting 

residents and visitors to explore our website (http://www.lakefutures.wisc.edu/) and complete an 

online survey.  Response to this initiative has been excellent. 
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Science Nuggets 

 

• Historical land use/land cover patterns in the riparian zones surrounding 50 Vilas County 
lakes were mapped using aerial photography from the 1930s, 1960s, and 1990s.  The 
largest trends were an increase in low-density development (e.g., primary residential and 
second-home construction), increases in evergreen forest and commercial cranberry bogs, 
and decreases in clearcutting (within riparian zones) and mixed evergreen/deciduous 
forest types.  The landscape also became more fragmented (average patch size decreased 
by 27%). 

• We compared the effects of lake area, productivity, and land-use on crustacean 
zooplankton species richness for a group of 41 well-studied world lakes. We found that 
species richness has a unimodal response to watershed development, and that 
anthropogenic land-use describes more variation in patterns of species richness by itself 
than either lake area or primary productivity. The most effective model (smallest 
Akaike's Information Criterion value) for all lakes includes both linear and quadratic 
terms for the level of development within a lake's watershed. 

• We developed a nonlinear model to investigate how changes in land use might affect 
future chlorophyll conditions in northern Wisconsin lakes.  We found that under current 
conditions of land and lake use, most lakes are resilient to small changes in nutrient 
loading, fishing pressure or changes in dissolved organic carbon.  However, resiliency 
showed a bimodal distribution with a small but significant portion of lakes sensitive to 
changes in use that could lead to irreversible switches to high levels of chlorophyll with 
algal blooms becoming common in the summer months. 

• We are attempting an experimental removal of exotic species, including rusty crayfish, 
from Sparkling Lake, one of the LTER study lakes. A combination of crayfish trapping, 
stocking of crayfish-predators (bass, walleye), and reducing fish harvests through 
regulation change is being used. In our third year of the manipulation, strong signs of 
overexploitation are being seen in the rusty crayfish population as size structure has 
decreased and catch rates dropped. Other aspects of our crayfish studies are examining 
the impact of the exotic crayfish populations on densities and diversity of aquatic insects 
in Sparkling Lake. 

• We are currently developing models to predict the future distribution of exotic rainbow 
smelt in the state of Wisconsin, based on information collected from the LTER study 
lakes (smelt have invaded both Sparkling and Crystal lakes) and elsewhere.   

• Warming trends in north-temperate lakes documented over the last 20 years have caused 
changes in lake physical structure that appear to have future biological implications.  A 
comparison between warm and cold years during this period indicates shifts in 
zooplankton community structure that favor species of smaller body size.  Such changes 
have the potential to alter dynamics in the entire aquatic food web.  

• The prototype for dynamic database access from the web developed by NTL- LTER was 
moved into full implementation, and similar interfaces were implemented for the 



Microbial Observatory and Biocomplexity projects.  The dynamic database access 
application permits a user to query the Oracle database directly from the web and to 
customize the query and provides metadata in text format and in the EML standard 
adopted by the LTER Network information managers. After EML2 was released in 
December 2002, we adapted the dynamic database software and our metadata tables in 
Oracle to be compliant with this standard and populated the tables for the LTER core data 
sets so that the program generates EML2 metadata for the online NTL data catalog upon 
demand. There are still some new metadata elements required by the standard that we are 
in the process of developing.  

• We have identified and isolated a protozoan parasite that causes high mortality and strong 
reductions in the fecundity of freshwater zooplankton.  Epidemics have occurred in 
several of our LTER lakes, and we are now moving toward understanding the long-term 
causes and consequences of infection for not only the zooplankton community, but the 
ecosystem as a whole. 

• In conjunction with our Schoolyard LTER program, we received funding for a Teacher 
Leadership Professional Development Project: Creating School-based Leadership Cadres 
to Adapt Exemplary Science Curriculum to Foster Student Inquiry.  We also completed a 
collaborative project on student learning in an NSF Research in Education and 
Professional Practice project on model-based reasoning applied to students’ 
understanding of models of nature.  Since 1998, the Schoolyard LTER program has 
worked with more than 1850 students and 216 teachers from 19 school districts. 
Approximately 568 minority or underserved high school students have participated in 
NTL-Schoolyard LTER activities. 

• In delineating groundwater flow paths in the Trout Lake watershed, we found that 
differences in source area (i.e., lakes or terrestrial) and the presence of intervening lakes 
that may or may not capture underflowing groundwater, contribute to a complex mix of 
flow paths in this geologically simple watershed so that water of vastly different ages 
may discharge in close proximity. 

• Field based and modeling approaches show that the spatial and temporal variability of 
groundwater recharge within the Trout Lake basin are significant.  During 1996-2000, 
recharge was limited to a few isolated events each year and exhibited a distinct seasonal 
pattern and annual recharge varied almost three fold.  In response to changes in 
groundwater recharge that might accompany global climate change, lake levels may 
change on average by 0.5 m.   


