
NTL MAJOR FINDINGS AND ACTIVITIES - 2007 

 

 

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

year at the North Temperate Lakes (NTL) LTER.  The research summarized is diverse, 

encompassing whole-lake experiments into the control of invasive species, contributions 

to the regionalization of socioecological systems, and global initiatives in automated 

sensor networks to mention just a few.   

 

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

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 

larger number of short research vignettes, sketching many more 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.   



Understanding Regional Change 
 

Environmental changes often 
demand a regional perspective 
of ecological and social changes 
in a changing mosaic. We 
compared the NTL study 
regions, the Northern Highland 
Lake District or NHLD and the 
Yahara Lake District or YLD 

(Figure 1) using long-term ecological and social data . Land use, land cover, water 
chemistry and biotic characteristics of the lakes were compared for the 1930s, 1960s and 
1990s, and more detailed data for ecosystem variates, housing, and recreational trends 
were compared from the advent of LTER in 1982 to the present. 

Changes in land use and cover were extensive in both regions. In the NHLD, 
notable changes are increased housing density around the shoreline of many lakes and 
expansion of urban centers. In the YLD, notable changes are conversion of farmland to 
residential and commercial uses. In addition, fertilizer use and livestock densities 
increased in the YLD thereby increasing nutrient transport to the lakes. 

Biotic change has been extensive in both regions. Important invasive species 
include common carp and Eurasian water milfoil in the YLD, and rusty crayfish, rainbow 
smelt in the NHLD. Recently Eurasian water milfoil has invaded some NHLD lakes. 

 
Fig. 1. Regions compared by the NTL LTER program. 
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These invasions have been associated with secondary extirpations in both regions, 
leading in some cases to changes in sport fisheries. 

Biogeochemical change has been more extensive in the YLD, where all the lakes 
are eutrophic, than in the NHLD. However, historical data on water chemistry do not 
include the most sensitive indicators of water quality change. Consistent time series for 
these key indicators are available only for recent decades. Also, whole lake experiments 
show that NHLD lakes are vulnerable to acidification and eutrophication should 
conditions change in the future. 

Our study shows the power of a comparative approach for learning about complex 
regional changes, as well as the necessity of sustained support for interdisciplinary 
perspectives to understand the feedbacks among ecological and social processes. 
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Lakes are small and full of DOC 
 

Water is a prominent feature of the Northern Highland Lake District 
(NHLD) of northern Wisconsin which has more than 7500 lakes, 
covering 13% of the landscape. Many of these lakes are characterized 
by high organic carbon concentrations which are associated with 
important ecosystem processes, such as the regulation of bacterial 
growth, productivity, and the efflux of carbon dioxide to the 
atmosphere. Because physical, chemical, and biological characteristics 
of lakes are related to their sizes, and because the NHLD has a large 
gradient in lake sizes, characterizing the regional limnological 

conditions requires data from a representative sample of the full size distributions of 
lakes. In this study, we conducted the first survey of lakes selected at random from the 
full size distribution in the NHLD. We sampled 168 lakes for a suite of physical, 
chemical, and biological characteristics.  
 Most lakes in the NHLD are small. However, large lakes account for most of the 
region’s water surface area (Figure 1). Lakes smaller than the median accounted for only 
2% of the water surface area in the region. Lakes 20 ha and larger accounted for 90% of 
the lake surface area for the region. Stratification and DO saturation were related to lake 
area and depth. Larger, deeper lakes tended to have deeper thermoclines. Of the 168 lakes 
sampled, 162 had a thermocline, but only 47 had distinct hypolimnia. About 90% of the 
lakes had undersaturated DO in the epilimnia, and about 75% of the regional epilimnetic 
surface area was undersaturated. Lake chemical characteristics covered broad ranges, and 
patterns often related to lake area. ANC ranged from zero to 1912 µEq L-1, with the 
median being 76 µEq L-1. Larger lakes tended to have higher ANC (Fig. 2C). DIC and 
DOC spanned similar ranges in concentrations and were related to lake area, but in 
opposite ways (Fig. 2A,B). Area weighted DOC was lower than unweighted DOC, and 

area weighted DIC was 
higher than the 
unweighted DIC. Total 
phosphorus spanned 
three orders of 
magnitude, and the 
distribution indicated 
slightly lower TP in 
larger lakes (Fig. 2D). 
TN also spanned a large 
gradient, ranging from 
124 µg L-1 to 6112 µg 
L-1. The median values 
for unweighted and area 
weighted (550 µg L-1 
and 384 µg L-1, 
respectively) indicated 
that smaller lakes had 
higher TN (Fig. 2E). 

 
Figure 1. Cumulative frequency of number of lakes and area of lakes versus 
lake size in area. Data are plotted for both the parent distribution (parent) 
obtained from GIS coverages and the sampled distribution (sampled). 
Median values intersect the horizontal line. (from Hanson et al. 2007) 



Sampling the full size distribution of lakes provides a more complete representation of 
both inorganic and organic carbon for the region. When only larger lakes are considered, 
DIC appears to be the dominant carbon form in the region. DIC relates directly with lake 
area in this study (Fig. 2B), whereas, DOC relates inversely with lake area. The inclusion 
of smaller lakes in the sample shifts the regional C balance toward higher DOC values. 
The implications of higher DOC for lake physical and biological processes include 
shallower surface mixed layers, reduced planktonic production and increased planktonic 
respiration, and increased ecosystem respiration through mineralization of allochthonous 
organic carbon.  

Large-scale surveys of lakes in a variety of regions may prove to be important for 
characterizing aquatic resources at the global scale. The characteristics of small lakes in 
our study are sufficiently different from larger lakes to alter estimates for limnological 
variables at the regional scale. Considering that representative surveys of small lakes are 
rare, estimating lake solute concentrations at a global scale is still problematic. Without 
further study of small lakes around the world, we are left to speculate on the limnological 
characteristics of the majority of the world’s lakes.  
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Figure 2. Cumulative frequency and area distributions for (A) DOC, (B) DIC, (C) ANC, (D) total 
phosphorus, and (E) total nitrogen. (from Hanson et al. 2007) 



The effect of lakeshore frontage policies on shoreline development 
 

Local governments attempt to preserve open space 
using a variety of management tools, such as zoning, 
conservation easements, and the purchase of private 
land for public open space. The recent economic 
literature indicates that at least in the short run, these 
policies can actually increase the rate of 
development, by making the landscape more 

attractive for development (Wu and Plantinga 2003, Walsh 2007, Armsworth et al. 2006).  
Lewis, Provencher and Butsic (2007) collected and digitized a unique set of historical 
(1974-1998) data from Vilas County plat maps to address two questions concerning the 
effect of land policy on shoreline development: 1) Does shoreline development in towns 
with a relatively strict minimum frontage requirement (MFR=200 feet) proceed more 
rapidly or less rapidly than does shoreline development in towns with a relatively lax 
MFR (100 feet)? and 2) Does shoreline development proceed more rapidly or less rapidly 
on lakes with a relatively large amount of public land?  

Simulation results based on an econometric analysis of the historical data indicate 
that especially for large parcels, the conventional wisdom does not hold: both an increase 
in the MFR, and an increase in publicly-owned shoreline, reduce the probability of 
subdivision (Figure 1). For large parcels, confidence in this conclusion is fairly strong, 

    A. 

    B. 

 
Figure 1:  Discrete-change effects of increasing a) Minimum Frontage Restrictions from 100ft. to 200 ft. zones 
and b) publicly-owned shoreline by 10 percentage points (expressed as an equivalent change in frontage) on the 
subsequent probability of subdivision (left panels).  The z-statistic estimates confidence in the measured change 
in probability for a given level of frontage. 



especially with respect to the effect of a change in public shoreline, as indicated by the 
graph of z-values. For small parcels, confidence is quite weak for the effect of changing 
the MFR, and in fact, for parcels less than about 2000 feet the effect of increasing the 
MFR is actually consistent with the conventional wisdom (an increase in the MFR 
stimulates subdivision), though confidence in this result is very low. Overall, these results 
indicate that again, contrary to conventional economic wisdom, policies  to increase 
shoreline open space will generally stimulate a positive, rather than a negative, short-run 
feedback.  
 One explanation for this finding is that owners of large shoreline tracts generally 
consider the frontage of their property and the “intensive” privacy that it affords to be a 
complement of, rather than a substitute for, the “extensive” or “neighborhood” privacy 
derived from open space along a lake; preservation of open space increases the value of 
keeping a large parcel whole.   
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Reversing the effects of rusty crayfish invasion: a whole-lake experiment 
 

Invasive species are a central driver of ecological change 
in lake ecosystems. Much effort has been directed to 
preventing new biological invasions, though many 
aquatic ecosystems are already severly affected by 
invasive species. At these sites, management options are 
often limited, and little is known about the reversibility 

of species invasion impacts. Ongoing work at NTL-LTER has addressed some of these 
issues for invasive rusty crayfish in northern Wisconsin lakes. Rusty crayfish are a 
harmful invader that can become abundant in lakes and streams, leading to dramatic 
declines in macrophytes, invertebrates (McCarthy et al. 2006), and certain fish species 
that are dependent on macrophyte habitat. 

For the last six years, we 
have been conducting a whole-
lake rusty crayfish removal on 
Sparkling Lake, WI.  To augment 
the effects of our crayfish 
trapping, the Wisconsin 
Department of Natural Resources 
(WDNR) has restricted harvest of 
fish species known to consume 
crayfish, thereby increasing 
predation on small crayfish, which 
are not vulnerable to trapping. The 
population decline resulting from 
our experimental removal has been 
dramatic (Figure 1). Rusty 
crayfish catch rates declined from 
11 crayfish/trap/day in 2001, to 
0.5 crayfish/trap/day in 2006, a 
decline of approximately 95% 
(Hein et al. 2007).  

To better understand the 
importance of trapping and fish 
predation in the rusty crayfish 
decline, we used an age-structured 
population model to assess how 
these factors affect crayfish 
growth rates. This work included 
development of a bioenergetics 
model to assess whole-lake bass 
consumption of rusty crayfish. The 
model indicated that fish predation 
caused a larger decline in crayfish 
population growth rate, primarily 
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Fig. 1. Seasonal dynamics of rusty crayfish catch rates in 
Sparkling Lake during crayfish removal (2001 to 2005). Solid 
line are males, dashed line are females. 



because most crayfish in the lake are small and vulnerable to fish predation, such that fish 
predation is a larger overall source of crayfish mortality. On the other hand, trapping 
removes the large (reproductively mature) crayfish, and thus causes a greater decline in 
population growth rate per crayfish removed. This work indicates that a combination of 
crayfish trapping and augmented fish predation were jointly responsible for the rusty 
crayfish population collapse observed in Sparkling Lake (Hein et al. 2006). 

A new aspect of this research has developed during 2006. The virile crayfish, 
which are native to this lake, had declined since the invasion of rusty crayfish and were 
though to be extirpated based on core LTER crayfish monitoring data. During the course 
of the rusty crayfish removal on Sparkling Lake, it was discovered that the virile crayfish 
has persisted in Sparkling Lake, though at very low numbers. Notably, the virile crayfish 
and rusty crayfish have coinhabited Sparkling Lake for at least 30 years, and we 
hypothesized that this virile crayfish population may have adapted to be able to co-exist 
with invasive rusty crayfish. This prompted an experimental study in 2006 (carried out by 
REU student, Nicole Hayes) comparing the behavior and growth rates of ‘naïve’ and 
‘experienced’ populations of virile crayfish in the presence of invasive rusty crayfish. 
The results of this study are currently being analyzed, but preliminary analysis indicates 
behavioral differences between naïve and experienced virile populations, as well as 
higher growth rates for experienced populations. This finding highlights the potential for 
native species to adapt to biological invaders in some circumstances.   
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Figure 1. (A) The April 15th ice breakup isophene averaged by five-year interval and (B) 
observed and interpolated trends in ice breakup date across the Laurentian Great Lakes region.  

Ice dynamics in north temperate lakes and climate change 
 

Recent increases in the rate of climate warming have caused water 
bodies throughout the Great Lakes region to lose ice cover faster 
than in the past (Jensen et al. 2007).  Records of freeze and breakup 
dates from the NTL-LTER Lake Ice Analysis Group database were 
analyzed for 62 lakes, one river, and a bay of Lake Superior over 
the 30 year period, 1975-2004.  Taken as a group, these water 
bodies were found to freeze 3 days later per decade and break up 2 
days earlier.  These rates are 6 and 3 times faster, respectively, than 
historical rates observed in water bodies throughout the Northern 
Hemisphere from 1846 – 1995. Rates of change of individual water 

bodies varied greatly.  For example, breakup in Wisconsin’s Lake Mendota has come 
earlier at a rate of 4.7 days per decade, while in Lake Placid, NY breakup has advanced at 
a rate of only 0.7 days per decade.  Over the same 30 year period, air temperatures in the 
Great Lakes region during the ice cover season increased by 0.7 °C per decade and the 
number of days with snow on the ground decreased by 5 days per decade.  These changes 
drove the April 15th ice breakup isophene (Figure 1A), a line connecting water bodies 
that break up on this date, northward at an average rate of 38 km per decade. 



The observed changes in ice duration and the timing of ice breakup were not 
constant over the Great Lakes region (Fig 1B).  More rapid changes were observed in the 
southwestern part of the study area (southern Wisconsin) than in the east (New York).  
These spatial patterns were related to patterns in the rate of temperature change and snow 
cover.  The characteristics of individual lakes also played a role in determining their 
response to climate warming.  The trend toward later freeze date was stronger in large, 
low elevation water bodies.  The results of this study paint a more detailed picture of the 
impacts of climate change on lakes and rivers and may prove useful in linking climate 
model predictions to responses in aquatic ecosystems. 
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 Focused groundwater discharge in a peat dominated wetland 
 

Allequash Wetland is within the NTL-LTER’s 
study site in Vilas County, Northern Wisconsin.  
The wetland is a peat wetland dominated by 
groundwater discharge from (Pint et al. 2003, 
Walker et al. 2003). Groundwater flowpaths and 
residence time within the wetland are critical to 
processes that control geochemical cycling. Fine 
spatial and temporal scale monitoring of 
temperature along Allequash Creek shows focused 
zones of groundwater discharge in contrast to the 

traditional diffuse flow conceptual model of groundwater discharge to streams.  Results 
have implications for future geochemical studies of groundwater/wetland interactions.  

In order to define groundwater flowpaths within the wetland a fiber optic based 
distributed temperature sensor (DTS) was used to measure streambed temperature along 
the length of the stream (Figure 1) every 60 seconds at a spatial resolution of one meter.  
The DTS sends monochromatic light down a fiber optic cable where changes in 
temperature along the cable 
cause backscatter.  
Temperature changes along 
the length of the cable can 
then be calculated based on 
the intensity of the 
backscattered light.  
Streambed temperature is 
used to detect discharging 
groundwater (Figure 2).  DTS 
measurements were taken in 
September 2006 when 
groundwater temperature is 
relatively constant (7 deg C), 
whereas surface water 
temperature is 5 to 16 deg C 
higher.  Solar radiation 
causes an increase in 
temperature within the 
streambed that causes in a 
slight increase in the 
temperature of groundwater that discharges to the stream. If diffuse groundwater 
discharge dominated, a smooth function of temperature along the length of the cable 
would be expected.  Instead, there are discrete zones of cool temperature as a result of 
focused zones of groundwater discharge.  These focused zones of groundwater discharge 
are stable through time (Lowry et al. in review).   

 
 
Figure 1.  DTS cable location along Allequash Creek, Vilas County, WI. 



Focused zones of groundwater discharge suggest the presence of preferential flow 
paths that could be controlled by soil pipes within the peat.  Relatively short groundwater 
travel times through preferential flow paths have implications for geochemical cycling in 
wetlands. 
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 Temperature along Allequash Creek Streambed
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Figure 2.  Streambed temperature along Allequash Creek; arrows show locations of suspected groundwater 
discharge. Distance along the fiber optic cable is shown in Figure 1. 



Local initiatives generate global networks and knowledge 
 

Scientists at the North Temperate Lakes LTER site have provided 
leadership in the newly emerging Global Lake Ecological 
Observatory Network (GLEON - http://www.gleonrcn.org/).  
GLEON is a grassroots network of limnologists, information 
technology experts, and engineers who have a common goal of 
building a scalable, persistent network of lake ecology 
observatories. Data from these observatories will allow us to 
better understand key processes such as the effects of climate and 

land use change on lake function, the role of episodic events such as typhoons and storms 
in resetting lake dynamics, and carbon cycling within lakes. The observatories will 
consist of instrumented platforms on lakes and reservoirs around the world capable of 
sensing key limnological variables and moving the data in near-real time to web-
accessible databases. A common web portal will allow easy access to researchers and the 
public. A series of web services supported by this portal will allow computation of 
metrics based on the high frequency data. Such metrics would include estimates of rates 
of important processes such as gross primary production and respiration. 

The focus to date on the technology of sensor networks has caused data gathering 
capacity to leap ahead of the models and questions required to exploit these data. 
Ecological research as a paradigm can be visualized as the inextricable links between 
observations, models, and questions (Figure 1). When any one node in the paradigm is 
pushed to a new time or space domain, the other two must follow. Sensor networks have 
pushed observations to a new domain in which high-frequency data are collected over 
extended spatial extents, requiring us to explore new ways of modeling ecosystems and 
challenging us to identify the most compelling scientific questions given these new data. 

To facilitate this 
development, we 
need to improve 
ecological 
discussion and 
transfer of ideas 
among ecologists 
and between 
ecologists and 
information 
technology experts.  
An example of 
observations 
outstripping models 
and questions is the 
documentation of 
nighttime increases 
in dissolved oxygen 
concentration 
observed in lakes 

 
 
Figure 1: The relationship between spatial extent and measurement frequency in 
ecological field studies (after Porter et al. 2005).  



throughout the GLEON network (Figure 2).  This phenomenon is currently unexplained, 
but is likely caused by either horizontal or vertical movement of higher oxygen 
concentration water past the sensor at night.  These examples of discovery science shows 
promise that sensor networks will uncover 
previously unobserved phenomena. 

GLEON also plays an important 
role within the ecological community in 
confronting challenges that traditionally 
have been barriers to network-level 
science. A few examples include 
agreements on policy for the use of data 
and acknowledgement of contributions, the 
development of standards for describing 
data and metadata, embracing a diversity 
of ideas and approaches to conducting 
science. Advancements in community 
wide practices that facilitate data sharing 
and exchange of ideas will enable a new 
level of network science.  

The GLEON network has members 
in Australia, Canada, China, Finland, 
Israel, Japan, New Zealand, South Korea, 
Sweden, Taiwan, the United Kingdom, 
and the US. It is likely that members in 
Argentina and perhaps Chile and Brazil 
will join in the coming months.   
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Figure 2: Common responses of dissolved oxygen in 
disparate GLEON lakes. 



Research Summaries 2007 
 

• We are investigating the roles of the biogeochemical cycles of P, Fe, and S in 
controlling the internal loading of P to lakes from bottom sediments.  Our approach 
involves comparisons of P release to hypolimnetic waters among lakes providing 
contrasts in the amounts and forms of P, Fe, S, and inorganic C in lake sediments.  
Early results indicate that P release is high when the P:Fe ratio in sediments is high. 
In addition, scavenging of P from lake waters by Fe, upon mixing of epilimnetic and 
hypolimnetic waters, is low in lakes where Fe is retained in the sediments by sulfide 
and/or carbonate.  We also expect sulfide to reduce the retention of P in sediments by 
Fe.  Our aim is to quantify the geochemical relationships that result in high or low 
rates of P internal loading. (Hoffman, Armstrong, Lathrop). 

• We have continued our development in the area of sensor networks and our 
leadership in the Global Lake Ecological Observatory Network. We are collaborating 
with computer scientists from the University of California San Diego Supercomputer 
Center and SUNY-Binghamton on automating the configuration and quality 
assurance components of the NTL information system for near-real time data 
streaming from instrumented buoys. During the past year we developed a 
cyberdashboard that provides near real-time information on the status of sensor data 
flow from the sensors to the database and a summary of data quality information.  
This tool allows the buoy technician and information manager to quickly detect 
problems and streamlines the initial data quality review.  (Kratz,  Benson)   

•  We have implemented a second “tier” for the information management system to 
archive data sets as text files along with their metadata that are not in high enough 
demand to warrant incorporation into the Oracle database but still need to be 
permanently archived.  We are working closely with LTER students in the design of 
their databases and in submitting their data and metadata to the archive.  These data 
and metadata are accessible through the NTL online data catalog. (Benson, Balsiger) 

• As part of the LTER-affiliated Microbial Observatory, the Graham lab focuses on 
eukaryotic microbial communities and their interactions with bacterial communities, 
food-web structure in humic lakes, and specific bacterial-algal symbiotic interactions. 
We have isolated diverse types of lake flagellates into culture, cloned and sequenced 
diverse genes from these flagellates and deposited dozen of new protist sequences 
into GenBank. These new sequences have been critical in testing hypotheses 
regarding very early eukaryotic evolution. For example, eukaryotic microbial 
sequences obtained from MO lakes indicate that a previously hypothesized early 
divergence of eukaryotes into two major lineages based on flagellar number (bikonts 
vs unikonts) probably did not occur. From humic lakes we have cultivated several 
new genera of heterotrophic flagellates that are involved in symbioses with bacteria, 
formally described the new eukaryotic taxa, and deposited cultures in a national 
culture collection (ATCC). Our cultures of lake flagellates have been used in 
mesocosm studies performed in LTER lakes and will continue to be used to explore 
the impacts of algal exudates on bacterial community dynamics. (Graham, McMahon) 



• The student programmer we hired using LTER supplement funding has done major 
upgrades to two software packages.  The first is software used in counting and 
measuring zooplankton.  We are planning to do a generic version of this software that 
would enable microscope counting and measuring for other organisms.  The 
programmer also migrated the software used by the fish crew for field data collection 
to the newest IPAQs and created substantial enhancements to the program based on 
requirements specified by fish crew leaders and the information management staff. 
(Byrne, Benson, Balsiger) 

• We continue to investigate the importance of terrestrial and atmospheric inputs to 
carbon cycling in lakes, and focus on a wide range of scales. High frequency sensor 
measurements over prolonged periods are leading to new insights on the shifting 
control of lake variables by nutrient and energy fluxes to lakes, and how external 
drivers influence lake physical and biological processes at short time scales. Long-
term observations allow us to investigate how seasonal cycles and decadal trends 
influence these same processes. These diverse observations, coupled with innovations 
in ecosystems modeling, are leading to new understanding of lake processes, as well 
as the role lakes play in the larger landscape. (Hanson) 

• During the past year we developed complete EML metadata for the NTL spatial data 
sets.  Inigo San Gil of LNO was very helpful with the development of a set of 
methods for converting ESRI-format metadata into EML.  At NTL, most spatial 
metadata are originally developed using ESRI's ArcCatalog utility.  We then save the 
metadata as XML, use a stylesheet to reformat them into EML, and then use the 
oXygen XML editor to correct various errors and make the metadata fully EML-
compliant. (San Gil, Benson, Balsiger) 

• In collaboration with researchers from Kangwon University in Korea, we continue 
our comparison of primary productivity in lake and reservoir systems. Relationships 
between LTER's oligotrophic lakes and a eutrophic reservoir suggest contrasting 
controls of lake productivity. (Hanson, Rusak) 

• We currently provide access to the NTL spatial data through several interfaces -- a 
"static" data catalog for downloading individual files, a set of interactive ArcIMS 
map applications, and an Oracle/ArcSDE geodatabase for direct interactive access to 
all spatial data.  This summer, we are exploring a series of improvements to these 
interfaces, including investigating methods for efficient storage of and access to very 
high-volume (multi-gigabyte) raster images. (Chipman, Benson, Balsiger) 

• NTL people continue to provide leadership for the LTER Network Planning Grant 
Network Information Management, and LTER governance.  From LTER chairs and 
PIs on the planning grant to members of the CI Team and planning committee 
meetings we continue to contribute to the network as a whole. (Benson, Carpenter, 
Magnuson, Stanley) 

• We are continuing with paleolimnological research to investigate the response of 
lakes to drought and disturbance in a landscape context. Diatom identification in the 
surface sediments in a large number of lakes in the region has yielded a very useful 
training set from which to begin reconstruction of a number of paleolimnological 



proxies.  This research will now compare paleolimnological with NTL long-term 
monitoring data in an attempt to test the sensitivities of various historical 
reconstructions. (Rusak, Hotchkiss) 

• Researchers at NTL-LTER have used satellite remote sensing to map water clarity in 
over 8000 lakes statewide.  The resulting extensive database of water clarity 
measurements is now being used to answer questions about lake ecology from many 
different angles.  For example, the “alternate stable state” hypothesis suggests that in 
this region, shallow and moderately- to highly-productive lakes can exist in at least 
two alternate states. As predicted, satellite-derived trophic state index values for lakes 
in the region were multimodal, particularly for shallow lakes in southern Wisconsin.  
Multimodality was weak or absent in the northern half of the state, where productivity 
is generally lower. (Chipman, Peckham, Lillesand) 

• Differing primer sets for automated ribosomal intergenic spacer analysis (ARISA) 
were used to assess bacterial community composition (BCC) across three years in 
Lake Mendota, WI to continue our research into microbial dynamics.  ARISA has 
proven to be a powerful tool for evaluating BCC change through space and time. 
(Jones, Shade, McMahon, Kent) 

• The acI lineage of freshwater Actinobacteria is a cosmopolitan and often numerically 
dominant member of lake bacterial communities. We conducted a survey of acI from 
18 Wisconsin, USA lakes to investigate the factors that determine acI community 
composition at the local (within lakes) and regional scales (across lakes). Clade 
community similarity positively correlated with lake environmental similarity but not 
with geographic distance, implying that these lakes represent a single biotic region 
containing environmental filters for communities of similar composition. Lake pH 
was a strong predictor of the community composition, but only when lakes with a pH 
below 6 were included in the dataset, suggesting potential ecophysiological 
differences as important structuring forces. (Newton, Jones, Helmus, McMahon) 

• A small lake in north-central Taiwan provided an excellent opportunity to explore the 
influence of mixing events on water column CO2 concentrations and exchange with 
the atmosphere.  Each year Yuan Yang Lake (YYL) is mixed by multiple typhoons 
that pass near the island of Taiwan.  In addition, this lake has been instrumented with 
a sensor network that monitors water column and meteorological parameters at a high 
temporal resolution (2-10 minute intervals).  Using this high resolution data and 
manually collected dissolved inorganic carbon (DIC) samples, a mass balance model 
of CO2 dynamics was developed to estimate the influence of typhoons on CO2 flux.  
Our estimates of annual CO2 flux to the atmosphere from YYL are potentially 
elevated relative to temperate lakes.  Elevated fluxes are likely driven by a warmer 
climate, decreased isolation of the hypolimnion, and increased input of DIC from the 
watershed.  Comparison of observations and models across ecosystems suggests that 
ecosystem responses to large and infrequent disturbances may be consistent for 
aquatic and terrestrial systems. (Jones, Kratz, Chiu, McMahon) 

• NTL has partnered with Friend of Lake Wingra (FOLW, http://lakewingra.org/), a 
grassroots watershed association, to study alternative approaches for managing the 
lake and its watershed. FOLW worked with the public to develop a set of widely-held 



goals for the lake. NTL sponsored a graduate seminar to develop scenarios for how 
the lake and watershed might develop over the next generation, to 2035. During the 
seminar, graduate students conducted a systems analysis of the watershed and the 
lake, ran a scenarios workshop with stakeholders to envision different futures for the 
lake and watershed, wrote storylines, tested the scenarios in meetings with city and 
state managers and the general public, and made two public presentations of the 
scenarios. The class syllabus, handouts, and the draft scenarios are downloadable 
from http://limnology.wisc.edu/courses/zoo955/spring2007/index.html.  The 
scenarios have been widely discussed and continue to be used as an outreach tool by 
FOLW. In addition, they have helped NTL scientists identify future research 
priorities for Lake Wingra. 

• We continue to develop and apply a three-dimensional, non-hydrostatic 
hydrodynamic model, to study circulation patterns, temperature structure and nutrient 
transport in two dynamically different NTL lakes. In small, shallow, macrophyte-
influenced Lake Wingra, the interaction between lake circulation and temperature 
dynamics is very important. Supported by extensive field observations, model results 
reveal the fundamental role of weak temperature stratification in controlling three-
dimensional lake circulation and nutrient transport. In large, strongly-stratified Lake 
Mendota, field observations have highlighted a complex mixture of basin-scale 
propagating internal waves, internal seiches, and seiche-degenerated nonlinear 
solitary waves that contribute to circulation, temperature and nutrient dynamics. 
Model simulation reveals that decreases in surface temperature can generate vigorous 
subsurface waves that, along with wind, actively affect upwelling to generate 
extremely variable vertical mixing throughout the water column. Overall these 
findings suggest the spatial and temporal variability in physical drivers of nutrient 
dynamics are very important in these two Madison lakes. (Yuan, Wu) 

• Understanding how ecosystem disturbances affect biodiversity is difficult because 
communities contain many species each with unique traits that determine how 
communities as a whole respond to change. To address this problem posed by many 
diverse species, we took a phylogenetic approach when measuring the effect of 
ecosystem disturbance on biodiversity. Closely related species are more likely to 
share a broad range of traits and thus should have similar sensitivities to various 
environmental disturbances. Communities undergoing a disturbance should therefore 
be composed of a suite of closely related species that are able to withstand the 
disturbance. To test this hypothesis, we used zooplankton community data from 18 
whole-lake experiments. On average, manipulated zooplankton communities 
contained more closely related species during than before the manipulations, while 
control lake communities showed no such change. Furthermore, there is phylogenetic 
susceptibility captured in this response, where specific clades are either more or less 
susceptible to any form of disturbance. Our analyses demonstrate that disturbance, 
regardless of the type, may dramatically skew the underlying phylogenetic 
component of biodiversity. (Helmus, Rusak) 

• We are investigating why zooplankton size, but not biomass, has been found to 
influence the phosphorous (TP) – chlorophyll a (chl a) relationship, hypothesizing 
that this paradox may be explained by sampling error, rather than an underlying 



biological driver. Standard errors for zooplankton biomass estimates are typically an 
order of magnitude greater than those for zooplankton size. Statistical theory shows 
that in linear models with correlated explanatory variables, the estimated impact of 
less precisely measured variables will be attenuated, and that of the more precisely 
measured variable inflated, relative to their true impacts. Sampling of nineteen lakes 
in the Northern Highlands Lake District will now be used to determine the sampling 
error for zooplankton biomass and test for a significant biomass effect on the chl a – 
TP relationship, compared to the case where sampling error is ignored. (Biggs, 
Kamarainen, Rowland, Carpenter) 

• Statistical models are often an important source of information used in resolving 
environmental disputes around ecosystem management. Such models may, however, 
suffer substantial biases resulting from choices about the variables included and the 
degree of precision with which they are measured. These choices are not simply 
scientific decisions based on ecological theory; they may be influenced by the 
political and financial interests of the affected stakeholders, scientists, and the groups 
funding the model development. We aim to use a simple linear regression model to 
demonstrate that measurement error in data collected by groups with specific vested 
interests could substantially bias statistical results, and potentially contribute to 
factual disputes around environmental management. We will also explore the 
potential for minimizing bias by pooling models developed by different interest 
groups using a Bayesian framework. (Biggs, Carpenter, Brock) 

• Freeze and breakup dates for many lakes show changes in ice phenology that are 
consistent with global warming. For a 150 year period (1855-2004), freeze date trends 
for study lakes across the Northern Hemisphere (9 freeze and 17 breakup time series) 
are 8.4 days/century later, and breakup date trends are 8.5 days/century earlier, 
though changes since ca. 1970 have been considerably faster. Seasonal air 
temperature anomalies for the N. Hemisphere have substantial shared variance with 
the mean ice freeze and ice breakup anomalies. (Benson, Jensen, Magnuson) 

• We continued monitoring (seventh year) the fish community and food web responses 
to the addition and removal of coarse woody habitat in Camp and Little Rock Lakes, 
respectively, including the initiation of a whole lake population density manipulation 
on Little Rock Lake. This year (2007) we discovered no evidence of yellow perch in 
the treatment basin of Little Rock Lake, despite repeated sampling by several 
methods. This suggests that this species may have been extirpated by habitat 
manipulation alone.  We are also continuing the experimental removals of invasive 
rainbow smelt and rusty crayfish on Sparkling Lake. (Gaeta, Carpenter)    

• We are currently exploring the relationship between Lake Ecosystem metabolism and 
nutrient availability. We will use high temporal resolution measurements of oxygen, 
temperature and chlorophyll a to assess the biological demand for phosphorus in the 
epilimnion. These real-time data will be combined with conventional nutrient 
sampling to investigate whether phosphorus demand is likely met through phosphorus 
recycling or internal loading. Combining conventional field sampling approaches 
with real-time data acquisition creates unique opportunities for insight into temporally 
dynamic ecosystem processes. (Kamarainen, Carpenter, Hanson) 



• Measures of ecosystem metabolism can also be applied to estimates of phosphorus 
release in the hypolimnion of Lake Mendota. Phosphorus builds up in the 
hypolimnion of Lake Mendota each summer. Much of this phosphorus is released 
from sediments, but some portion may also come from mineralization of organic 
matter as it sediments through the water column. By monitoring the metabolic break 
down of organic matter in the hypolimnion, using measures of oxygen, carbon 
dioxide and methane, we can infer the release rate of phosphorus from organic 
molecules. Determining the balance between sediment release and mineralization of 
recently settled organic material will lend insight into how phosphorus is stored and 
processed within lake ecosystems. (Kamarainen, Carpenter) 

• Lake Wingra is a small, shallow lake embedded in the city of Madison with a rich 
history of human use and management. Historical records of the condition of some 
aspects of the lake ecosystem date back to 1891, and Lake Wingra has been a focal 
lake of the NTL-LTER for over ten years. Research projects have explored the 
biological communities, nutrient dynamics, hydrology, hydrodynamics, and land use 
change within and around the lake, yet there has been no attempt to synthesize current 
knowledge using a whole ecosystem perspective. Analyzing long term historical data 
from the ecosystem perspective will shed light on the interactions between ecological 
dynamics and lake management. Our research project will aid our use of historical 
data in lake management and will also provide a tool for citizens interested in the 
condition and management of Lake Wingra. (Kamarainen, Carpenter) 

• The behaviors of lakefront households can have serious implications on the 
ecological health of their lake.  We are looking into the different types of households 
that own lakefront property, the general sorting of the household types across lakes, 
and the different behaviors these household types partake in.  By identifying lakes a 
certain type of household locates on, policies can be tailored to these lakes to address 
the non-ecological friendly behaviors the particular household type tends to 
participate in.  Data from surveying lakefront property owners in Vilas County is 
being used in a latent class model to analyze the problem.  Early analysis shows there 
are different types of households that tend to locate on certain types of lakes, and the 
household types do vary in their behaviors and knowledge of their lake.  We further 
aim to analyze the relationship between sorting of household types and collective 
action on lakes. (Schoen, Provencher) 

• “Paradise Lost?”, an art exhibit focusing on climate change and currently touring the 
midwest, began in May of 2006, when 20 artists, 7 scientists (including 2 NTL PIs) 
and 6 educators met to discuss climate change and the potential role of art in 
increasing public awareness of science. The artists subsequently created pieces 
including paintings, sculpture, poetry and music reflecting their perceptions of the 
science of climate change, its impacts on northern ecosystems and the actions that can 
be taken now to lessen those impacts. These pieces, along with related scientific 
materials were assembled into a traveling exhibit which is currently touring museums 
and communities throughout Wisconsin and Upper Michigan.  Educators visit middle 
and high schools in each community prior to the exhibit's arrival, involving students 
in science and art activities focusing on climate change 
http://www.wisc.edu/cbe/K12/paradiselost.html. (Kratz, Magnuson) 



• We have initiated a field study of how landscape configuration of lakes and wetlands 
influence watershed carbon dynamics. The approach is to compare carbon dynamics 
in streams draining watersheds with different configurations across the Northern 
Highlands Lake District.  Data was collected from 52 different watersheds during the 
summer of 2006 to gain an understanding of watershed carbon dynamics at the 
regional scale.  In 2007, this study continued, focusing on the temporal dynamics of a 
select subset of streams situated across the NHLD with weekly sampling. The 
overarching goal of these efforts will be to understand, at a regional scale, how the 
configuration of linked aquatic ecosystems influences watershed carbon dynamics. 
(Lottig, Stanley) 

• An effort to validate our integrated model of water and carbon dynamics is underway. 
We have gathered data from multiple sources including LTER and affiliated projects, 
the Eastern Lake Survey, and the Environmental Research Lab-Duluth in preparation 
for validating the full run of the model with 7588 lakes in the Northern Highland 
Lake District. This validation exercise will focus on how the carbon output of the 
base-run of the model (under current climatic conditions) compares with carbon data 
collected by outside research projects for a subset of the modeled lakes.    This will 
identify any biases in the modeled results by lake type, size, landscape position, or 
other characteristics.   If biases are found for a certain type of lake, we plan to 
undertake a calibration exercise based on a one lake – one watershed subset of the full 
model to identify and adjust for the bias.  (Van de Bogert, Carpenter, Hanson) 

• We are using the integrated model of water and carbon dynamics to simulate a “no 
freeze” scenario for the Northern Highland Lake District and compare it with a 
simulation of current conditions. We have used IBIS, our terrestrial carbon, water and 
energy balance model, to generate terrestrial water and carbon flows needed for these 
simulations. We are now modifying the aquatic ecosystem models to handle a 
scenario in which the lakes never freeze. This requires a significant, but feasible, 
amount of re-programming. Once the computer programs are reconfigured, we will 
simulate the “no-freeze” scenario as well as a range of intermediate scenarios of 
regional warming, and compare the responses of hydrology and carbon flow over the 
region of 7,588 lakes. (Van de Bogert, Carpenter, Hanson) 

 


