
NTL MAJOR FINDINGS AND ACTIVITIES - 2006 

 

 

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

the North Temperate Lakes (NTL) LTER.  The research summarized ranges from our ground-

breaking investigations into disease dynamics in freshwater zooplankton to our community-

based restoration efforts in an urban lake.  We also highlight our present and future initiatives at 

our site. 

 

This section of our annual report is organized as follows.  First, we present five 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.   
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Figure 1. (A) Uninfected Daphnia pulicaria with 
eggs; (B) infected D. pulicaria with numerous 
parasitic sporangia throughout hemolymph (Photo 
Credit: Pieter Johnson). 

DOES DISEASE MATTER?  DIRECT AND INDIRECT CONSEQUENCES OF CHYTRID  
FUNGAL INFECTIONS ON DAPHNIA POPULATIONS  
 

Summary: Traditionally, zooplankton community 
composition and population dynamics in lakes are 
thought to be controlled by a combination of top-
down (e.g., predation) and bottom-up (e.g., 
resource availability) forces. However, the 
potential significance of parasites is rarely 
considered, despite continued findings emphasizing 
their importance. Pathogens such as Polycaryum 
laeve that depress reproduction and increase 
mortality may have dramatic influences on 
Daphnia population dynamics and, in turn, pelagic 
food webs.  Omission of disease from food webs 
and lake energy pathways may lead to potentially 
serious misunderstandings of species interactions.   

 
Newly emerging diseases of humans and wildlife have become an increasingly common 

phenomenon across much of the globe.  Given that wildlife diseases emerge through the same 
processes as diseases of humans, animal models offer enormous potential to help elucidate the 
mechanisms through which environmental changes influence infection levels.  Freshwater 
zooplankton are an ideal model system in which to explore environment-host-pathogen 
interactions.  They are ubiquitous in most aquatic environments and host a variety of ecto- and 
endoparasites, including bacteria, microsporidia, haplosporidia, fungi, helminths, algae, and 
viruses (reviewed in Green 1974).  Because of their importance as algal grazers and as prey for 
planktivorous predators, zooplankton are considered a “keystone” component of lake food webs.  
In addition, many zooplankton, such as Daphnia spp., have transparent carapaces, allowing 
infections to be easily identified.  Finally, as there is rich research history on the physiology, 
morphology, ecology and behavior of many types of zooplankton, information on the causes and 
consequences of infectious disease can be easily contextualized into a larger framework. 
 After discovering an unidentified pathogen of Daphnia pulicaria in two of the North 
Temperate Lakes LTER lakes in 2002, we decided to take advantage of this opportunity to 
develop a further understanding of the ecological significance of disease in aquatic 
environments.  To this end, we formed an interdisciplinary, multi-institution team of scientists 
and employed molecular tools, ecological experiments, broad-scale field surveys, and long-term 
data to examine the causes and consequences of disease.  Through morphological analysis and 
PCR, we determined that the parasite was Polycaryum laeve, a chytrid fungus never before 
recorded in North America and the first chytrid known to infect Daphnia.  Simple life table 
studies revealed that P. laeve infection, which could achieve 90% prevalence in Daphnia 
populations, caused a sharp reduction in host survival and growth.  However, the most striking 
effect of the parasite was on reproduction.  P. laeve turned out to be a parasitic castrator, and 
infected Daphnia never supported eggs or ephippia (resting eggs).   

To better understand how parasitism affected trophic interactions, we examined the 
vulnerability of infected and uninfected Daphnia to fish predation.  In both experimental trials 
and in field-caught fish, infected Daphnia were three times more likely to be consumed by 
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predators, even after accounting for prey size.  We hypothesized that this effect was due to the 
altered appearance of infected animals, the bodies of which become filled with darkly-colored 
sporangia (Figure1).  To test this idea, we repeated our predation experiments in dark water (high 
in dissolved organic carbon [DOC]).  With the visual acuity of our fish predators reduced in the 
darker water, selective foraging on infected Daphnia was no longer observed – infected and 

uninfected Daphnia were consumed in proportion 
to their occurrence. 

Finally, we examined the prevalence of P. 
laeve infection in Daphnia across space (field 
surveys) and throughout time (long-term data).  
Among lakes in northern Wisconsin, P. laeve-
infected Daphnia occurred in one-third of sampled 
lakes (total number of lakes was 65), and in one-
half of lakes with the necessary host, Daphnia 
pulicaria.  Infection was most common in lakes 
with dense Daphnia populations and low 
abundances of planktivorous fishes.  
Correspondingly, among 15 years of long-term 
Daphnia samples, infection was greatest in years 
with high Daphnia density and mild winter 
conditions.  Within years, the degree of thermal 
stratification correlated negatively with infection 
prevalence, likely because stratification impedes 
circulation of infectious parasites.  The negative 
consequences of infection were also evident in the 
long-term data.  Infected hosts never supported 
eggs, thereby reducing host fecundity during 
epidemic infection periods.  Moreover, sharp 
declines in Daphnia population density – as well as 
water clarity – were observed following peak 
infection levels (Figure).  Our current efforts are 
directed at unraveling the linkages in the 
relationship between P. laeve epidemics and lake 

primary production as well as fish growth.   
 

Relevant Literature 
Johnson, P. T. J., Longcore, J. E., Stanton, D. E., Carnegie, R. B., Shields, J. D. and E. R. Preu. 

(2006). Chytrid fungal infections of Daphnia pulicaria: development, ecology, pathology 
and phylogeny of Polycaryum laeve.  Freshwater Biology 51: 634-648.  

Johnson, P. T. J., Stanton, D. E., Preu, E. R., Forshay, K. J. and S. R. Carpenter.  (2006). Dining 
on disease: how interactions between infection and environment affect predation risk.  
Ecology 87: 1973-1980. 

Johnson, P. T. J., Ives, A. R., Lathrop, R. C. and S. R. Carpenter.  The Devil’s Disease: long-
term causes and consequences of chytrid fungal infections in Daphnia from Devil’s Lake, 
Wisconsin, USA.  In preparation.   

 

Figure 2.  Temporal patterns in (a) the density of 
infected and total D. pulicaria and (b) the 
percentages of gravid and infected Daphnia. 
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LAKE DISSOLVED INORGANIC CARBON AND DISSOLVED OXYGEN: CHANGING DRIVERS FROM 
DAYS TO DECADES 
 

Summary: Given the global importance of carbon dynamics in 
environment and its relationship with dissolved oxygen in lakes, a 
better understanding of their sources, fates and interrelationships at 
various temporal and spatial scales is becoming increasingly 
important.  Using the strength of long-term LTER data, we show that 
both DIC and DO are closely related to measures of ecosystem 
metabolism at diel to annual scales, but their controls begin to diverge 
strongly at decadal scales. 
 

Ecologists have made significant advances in understanding how 
ecological processes are organized according to space and time scales in 
lakes. Examples range from seasonal cycles and trophic cascades that 

change with life histories of top predators to climate trends that drive temporal scales of variation 
in primary production. However, some anthropogenic environmental changes are associated with 
patterns of ecosystem change that appear to have no historical analog.  Thus a new model for 
ecological change would seem to involve a mixture of repeating processes (at different 
frequencies) with the emergence of new phenomena.  Understanding this mixture of recurring 
and novel patterns is a fundamental challenge for ecological research. 

In aquatic ecosystems, metabolism directly affects concentrations of dissolved inorganic 
carbon (DIC) and dissolved oxygen (DO).  Research in a variety of aquatic systems has used 
DIC exchange with the atmosphere to assess the role of aquatic systems in processing carbon. 
Although metabolism directly affects DIC and DO, these solutes are also affected by non-
metabolic chemical reactions, geologic context, and climate.  The degree to which physical, 
chemical, and biological processes control DIC and DO is poorly understood and may vary 
across time scales. 

Lakes in the North Temperate Lakes Long Term Ecological Research (NTL-LTER) 
project are ideal systems in which to study DIC and DO dynamics across a variety of time scales 
(Fig. 1). The lakes represent an assortment of hydrologic regimes and trophic statuses, and 
potentially are susceptible to long-term drivers, such as atmospheric deposition and 

anthropogenic forces. 
From NTL-LTER lake 
data, we have recreated 
ecological signals ranging 
from days to decades and 
have studied the 
relationships between 
driving forces and 
ecosystem responses. We 
used Bootstrap 
Aggregating (Bagging) to 
search time-series model 
space to assess the Fig. 1: Conceptual framework for the cross-scale DIC/DO analysis. 

© Michael Forster Rothbart 



 5

importance of a suite of drivers on DIC and DO.  
Scale-dependent effects of biological, physical and chemical processes on DIC and DO 

using long-term data, known mechanistic relationships, and patterns from the literature are 
summarized in Figure 1. At shorter time scales, irradiance driven photo-oxidation augments 
ecosystem metabolism, and temperature driven changes in gas solubility influence gas exchange 
with the atmosphere. Temperature becomes more important at seasonal and annual scales as it 
suppresses biological processes in winter, leads to lake mixing in spring and fall and alters 
chemical equilibria. At the annual scale, material flux fuels biological process through nutrient 
inputs, and DIC and DO loading enhance gas saturation states resulting from negative net 
ecosystem production. At decadal scales, temperature drives DO variability, and biological 
signals are not evident. DIC responds strongly to chemical changes either in the watershed or in 
lake processes. 

The metabolically 
important solutes, DIC and DO, 
respond similarly to drivers at 
some scales but differently at 
others (Fig. 2).  At diel, seasonal 
and annual scales, variance in 
DIC and DO is explainable in 
part by ecosystem metabolism.  
At decadal scales, however, the 
controls diverge as DIC responds 
more strongly to material flux 
and DO responds more strongly 
to temperature.  It is likely that 
analogous convergence and 
divergence phenomena occur in 
other types of ecosystems.  
Comparisons of scale-
dependency among closely-
interacting variables provides 
important information about how 
drivers and endogenous 
processes control key 
phenomena such as ecosystem 
metabolism and gas exchange 
with the atmosphere.  As more 

extensive long-term records become available we expect this approach to ecosystem analysis will 
become increasingly valuable. 
 
 
Hanson, P.C., S.R. Carpenter, D. Armstrong, E.H. Stanley, and T.K. Kratz. 2006. Lake dissolved 

inorganic carbon and dissolved oxygen: changing drivers from days to decades. 
Ecological Monographs. 76(3): 343-363. 

 

Fig. 2: The influence of drivers on lake processes and the approximate 
responses of DO and DIC at different time scales. 
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DYNAMICS OF FISH COMMUNITIES IN WISCONSIN LTER LAKES AS MEDIATED BY CLIMATE AND 
INVASIVE SPECIES 
 

 Summary: Exotic species invasions and climatic 
variation that occurred in north central Wisconsin 
provided the opportunity to contrast influences of 
climate and invasive species in shaping fish community 
dynamics in five Wisconsin lakes from 1981 to 2001. 
Invasive species and climatic variables were the 
principal determinants of fish community dynamics in a 
region initially chosen to represent relatively pristine 
conditions for north temperate lakes. 
 

When we chose the lakes in Northern Wisconsin as 
primary sites for LTER research in 1981, our thoughts were 
that these small inland lakes in a forested landscape would 
exhibit dynamics influenced primarily by non-human 
drivers. The human population density was low and the 
shorelines and watersheds were mostly undeveloped and 
protected, and we had not yet realized the full importance of 

climatic change. Our analyses discussed below indicate that in most cases the extrinsic factors of 
invading species and climate were sufficiently strong to overwhelm, or at least mask, the 
influences of intrinsic drivers of dynamics. Exotic species (crayfish and rainbow smelt), and 
climatic variation were the main determinants of the fish community dynamics in five lakes 
based on multivariate analyses of community changes and associated environmental changes 
(Willis and Magnuson 2006). 

Over the last twenty-one years the fish communities have dramatically changed (Fig. 1). 
Not only have the originally abundant fishes declined, but community compensation is the 

favored explanation 
for the significant 
increases of species 
that were present 
originally but not 
dominant. Many of 
these changes were 
a result of invasive 
species with parallel 
shifts occurring in 
different lakes. With 
the advent of rusty 
crayfish, the 
composition of the 
littoral fish 
community changed 
from one dominated 
by large-bodied Fig. 1: A 21-year time series of selected invasive and native crayfish and fish at NTL. 
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benthic invertivores to one where small-bodied generalist species that consumed zooplankton, 
vegetation, and small benthic invertebrates were abundant. Concurrent with increases in 
generalist species was an increase in one of their predators, smallmouth bass. This 
counterintuitive observation suggests that increases in food resources for the minnows and bass 
were important. Bass prefer crayfish prey, which became exceedingly abundant in several lakes. 
In lakes invaded by crayfish, competition for benthic invertebrates and nest predation may have 
contributed to bluegill, pumpkinseed, rock bass, white sucker, log perch, and mottled sculpin 
declines, while bluntnose minnow and mimic shiner species, with less diet overlap with crayfish, 
increased. In lakes invaded by rainbow smelt, yellow perch and cisco declined and may be 
nearing local extirpation. Bluntnose minnow, mimic shiner, and bluegill increased, compensating 
for declines in larger zooplanktivores with significant habitat overlap.  

Climatic determinants were significant in all lakes but less important than invading 
species. During the study period, climatic variation included three El Niño events, one drought, 
and the Mt. Pinatubo eruption, as well as a consistently lengthening ice-free period throughout 
the 1990s. The fish community of the only lake with no invasion of rusty crayfish or rainbow 
smelt, Allequash Lake, also changed significantly over the 20 years, but the significant 
environmental determinant for changes in fish abundance was climatic (duration of the ice free 
period). 

Such dynamic relations between fishes and environmental factors could not have been 
determined from short-term study. The fact that several lakes were investigated at the same time 
and show consistent patterns of change suggests that what we have observed is not lake-specific. 
Similar dynamics may be occurring across our region. 
 
 
Willis, Theodore V. and John J. Magnuson. 2006. Response of fish communities in five north 

temperate lakes to exotic species and climate. Limnology and Oceanography, in press. 
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MICROBIAL COMMUNITY DYNAMICS AT NTL: A RESEARCH SAMPLER 
 
Summary:  Microbial communities are typically regarded as malleable entities, responding 
to a wide variety of drivers and disturbances.  However, our research has demonstrated a 
remarkable amount of predictability in time, on both annual and seasonal scales, as well as 
in space. We continue to investigate the functional significance of these structural patterns. 
 

Annual community dynamics reveal a repeated 
bacterial community phenology in Lake Mendota 
We continue to study annual and seasonal patterns of 
bacterial community structure and dynamics in Lake 
Mendota. A six-year dataset of ARISA profiles 
generated from biweekly epilimnion samples was 
assembled and subjected to a suite of multivariate 
analyses. We were surprised to find evidence for a 
repeatable phenology in the bacterial communities 
(Fig. 1). Across years, communities from each season 
were more similar to each other than across seasons 
within a year. Seasonal events such as water column 
mixing and trends in water temperature were most 
strongly related to BCC variation. Communities 
became progressively less similar across years 
between the months of May and September, while 
the lake was thermally stratified. Other 
environmental parameters were highly correlated to 
BCC change within and across seasons, including 
dissolved oxygen and nitrate/nitrite concentrations.  
 

Lake mixing regime as a determinant of bacterial community composition and dynamics 
The relationship between disturbance regime and bacterial community diversity, 

composition, and dynamics was investigated by sampling three humic lakes along a gradient of 
mixing frequency (Crystal Bog Lake (CB): polymictic, Trout Bog Lake (TB): dimictic, Mary 

Lake (MA): 
meromictic). We 
hypothesized that 
polymictic lakes are 
taxonomically less rich 
than dimictic lakes, and 
that hypolimnetic 
communities are under 
the control of different 
drivers than epilimnetic 
communities. We 
found that BCC was 
distinct among the 
three lakes (Fig. 2). 

Fig. 1: Correspondence analysis plots illustrating 
bacterial community phenology in Lake Mendota.

Figure 2. Richness and bacterial community composition in 3 humic lakes. 
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Furthermore, epilimnetic and hypolimnetic communities were distinct within lakes that stratified 
strongly in the summer. The mean and maximum richness in the lakes that were thermally 
stratified (TB and MA) were significantly higher than that of polymictic CB, and the CB 
bacterial community included the fewest number of unique taxa. Hypolimnetic communities in 
meromictic MA were significantly less variable than epilimnetic communities in TB or MA, 
based on tests of multivariate dispersion homogeneity. In both TB and MA, hypolimnetic 
community dynamics appeared to be stochastic, while epilimnetic BCC exhibited the same 
characteristic successional patterns we observed in our survey of six bog lakes, discussed above. 
These preliminary findings support our hypothesis that polymictic lakes are less taxonomically 
rich because of frequent disturbance, and that communities in hypolimnia are more insulated 
from seasonal drivers in comparison with those in epilimnia. 
 
Evidence for extrinsic forcing of bacterial and phytoplankton community dynamics 

We have evidence for synchronous 
variation of both bacterial and 
phytoplankton communities in multiple 
lakes across a lake district. Twice weekly 
sampling of six humic lakes in northern 
Wisconsin during a single open water 
season showed that bacterial and 
phytoplankton community dynamics were 
synchronous across lakes (Fig. 3), despite 
the fact that communities in each lake 
were taxonomically distinct. Synchrony 
among populations is a signature of 
extrinsic regional-scale drivers strong 
enough to be observed despite the 
influence of local drivers. Several 
mechanisms could be responsible for 
creating such synchrony: (1) dispersal of 

individuals, (2) predator movement among populations, or (3) correlated (extrinsic) 
environmental influences, also known as “regional stochasticity” or the “Moran Effect”. Our 
results were surprising because bacterial communities are thought to be extremely malleable, 
responding quickly and sometimes unpredictably to a wide variety of environmental drivers, 
such that intrinsic forces would mask patterns generated by extrinsic drivers. Thus, we propose 
that extrinsic drivers play a major role in creating synchronous change in bacterial assemblages, 
demonstrating a community-level example of the Moran Effect.  
 

 
Kent, A. D., S. E. Jones, G. H. Lauster, J. M. Graham, R. J. Newton and K. D. McMahon. 2006. 

Experimental manipulations of microbial food web interactions in a humic lake:  Shifting 
biological drivers of bacterial community structure. Environ Microbiol, 8(8): 1448-1459. 

Shade, A. L., A. D. Kent, E. W. Triplett and K. D. McMahon. In review. Inter-annual dynamics 
and phenology of bacterial communities in a eutrophic lake.   

Kent, A.D., A.C. Yannarell, J.A. Rusak, E.W. Triplett, and K.D. McMahon. In review. Temporal 
concordance in phytoplankton and bacterioplankton community succession in a suite of 
north temperate humic lakes. 

Fig. 3: Examples of synchrony from 2 of the six study lakes.
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ECOSYSTEM RESTORATION IN LAKE WINGRA 
 

Summary: With community consultation, education and 
support a trial restoration experiment is being conducted in 
urban Lake Wingra involving LTER, Wisconsin DNR and 
various citizens groups. The early results are very 
encouraging. 
 
Lake Wingra is one of NTL-LTER’s study lakes within 
Madison’s urban boundaries in southern Wisconsin. The 139-ha 
shallow lake (mean depth 2.7 m) is highly eutrophic with poor 
water clarity due to resuspended bottom sediments and summer 
blue-green algal blooms fueled by nutrients from urban runoff 
and internal recycling. The lake also has had dense growths of 

Eurasian water milfoil since the invasive plant first appeared in the early 1960s.  The poor water 
clarity favors the exotic milfoil over native plants as the milfoil can grow with dense foliage near 
the water surface, producing a rainforest canopy effect that further shades native plants needing 
sunlight penetration into the water column to grow. However, in spite of the lake’s poor water 
clarity, approximately 20 native aquatic macrophyte species are found scattered around the near-
shore waters.  This relatively large number of native plants is in contrast to the larger Madison 
lakes because Lake Wingra has had almost no mechanical cutting/harvesting or herbicide 
treatments to control nuisance plant growths.   

Thus, Lake Wingra is stuck in a turbid algal dominated state with little growth of aquatic 
macrophytes other than milfoil. In recent years, the Wisconsin Department of Natural Resources 
(WDNR), the Dane County lakes program and a newly formed local citizen group - the Friends 
of Lake Wingra (FOLW) - have been addressing the lake’s urban runoff problems through a 
variety of land management practices.  However, switching the lake to a clear-water state where 
native macrophytes can potentially out compete Eurasian water milfoil must consider in-lake 
management actions including reducing the lake’s overabundant carp population. Carp are 
known to browse heavily on certain native macrophytes, particularly the macro-algae Chara that 
grows along the bottom and effectively seals the bottom sediments.  Carp through their bottom 
feeding activities also keep the sediments loose and unconsolidated thus making them 
susceptible to wind resuspension.   

Starting in late summer 2005, WDNR, 
Dane County, FOLW, and NTL-LTER 
initiated a 3-year experiment in Lake Wingra 
to test the response of the native macrophyte 
community to clearer water produced from a 
major carp reduction program. This 
demonstration-scale experiment includes the 
construction of a 1.0-hectare rectangular carp 
exclosure with its solid vinyl walls extending 
from the lake shoreline to a water depth of 2.9 
m (Fig. 1).  LTER has a major role in this 
collaborative experiment as one of its 
investigators is the project’s manager. LTER Fig. 1: Lake Wingra exclosure experiment in July 2006. 

(Photo: M. Kakuska) 
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(with WDNR assistance) also conducts the routine limnological monitoring of the lake and 
exclosure and is leading the science evaluation of potential lake restoration activities.   

While the exclosure experiment is slated to run until the fall of 2008, water clarity 
increases inside the exclosure due to the wave dampening effect were apparent soon after the 
exclosure’s installation and carp removal. Secchi disc readings inside and outside the exclosure 
during the summer of 2005 averaged 1.46 m and 0.66 m, respectively. By mid-July, aquatic 
macrophyte biomass had increased by about 30% within the existing plant beds of the exclosure 
as compared to outside the exclosure, and the depth of maximum plant growth had increased by 
0.8 m. As expected, most of this initial increase in plant growth was attributed to Eurasian water 
milfoil, but it is hoped by the end of the 2008 growing season the native plants will eventually 
respond to the clearer water and outcompete the milfoil.   

Another activity that LTER is conducting in collaboration with WDNR with financial 
support from a local fishing club is radio-telemetry tracking of carp movements in Lake Wingra 
(Fig. 2). This study will help determine if carp congregate at certain locations and times of the 
year where they are vulnerable to targeted removal by certain types of netting operations. While 
the tracking of 14 carp with implanted radio transmitters began in earnest in April 2006, one 
important finding has already occurred. Ten of the carp during one survey in mid-May were 

found spawning in a small lagoon connected 
by a channel to the lake presumably because 
of warmer water temperatures; two weeks 
before and after the spawning period the 
tagged carp were dispersed throughout the 
lake.  LTER technicians will continue the 
carp tracking study until the summer of 2007.    

Finally, at the request of FOLW, 
LTER recently was asked to play a lead role 
in coordinating the scientific exchange of 
information about Lake Wingra.  This 
includes conducting an analysis of historic 
information and the development of future 
lake scenarios.  LTER is  also making its data 
collected since 1996 more easily accessible to  
the general public by providing 

interpretations giving context to the  information.  Regular meetings with subcommittees of the 
larger group of interested parties are being held to help facilitate these activities.  In short, LTER 
is playing a major role in helping the restoration of Lake Wingra become a reality in the next few 
years.  

 

Fig. 2: Radio-tracking carp in Lake Wingra. 
 (Photo: D. Lathrop) 
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Research Summaries: 2005-2006 
 
We have been exploring variation in the C and N stable isotope ratios of samples of benthic 
invertebrates and zooplankton taken from 23 years of LTER archived samples. This is a unique 
data set that will be very informative for the growing body of research on long-term change in 
aquatic food webs. We have constructed a model to investigate the effects of this variation on the 
inferences researchers draw from long term studies of consumer (fish) stable isotope ratios.  We 
have also been continuing our work looking at long-term change in trophic niche of some fish 
species in Sparkling Lake. Using archived fish scales and fish length-frequency data from yearly 
LTER sampling, we are currently exploring the relationship between changes in trophic niche 
and fish growth rates. (Solomon, Rusak, Vander Zanden) 
 
We continue work on our 'putting the lake back together' project, which is using the LTER lakes 
to examine benthic and pelagic trophic pathways in lake food webs, and the ecosystem-level 
importance of benthic pathways. (Butkas, Devlin, Vander Zanden, Vadeboncoeur) 
 
We are going into our 6th year of rusty crayfish and rainbow smelt removal on Sparkling Lake. 
This work has shown massive declines in the abundance and size structure of these invaders, and 
some evidence for ecosystem recovery (Sass, Vander Zanden).  
 
We continue to expand the application of our 'smart prevention' approach to invasive species 
management, and are expanding this framework to the statewide level. Recent research has used 
this to identify lakes and stream that are vulnerable to invasion by rusty crayfish, spiny water 
flea, and rainbow smelt. (Mercado-Silva, Maxted, Vander Zanden) 
 
We are continuing to examine the effect of hydrologic alterations (dam construction and water 
level regulation), and the spread and occurrence of aquatic invasive species (Vander Zanden) 
 
We have used LTER monitoring data in a recent meeting and publication to: 1) provide a 
historical perspective on plant community dynamics (in fact show that Eurasian water milfoil 
makes up a smaller component of the plant community today than it did in the 1970s), and 2) 
provide a species list for the Madison lakes. From this, we could predict that use of fluridone (the 
chemical used for whole-lake herbicide treatments) would negatively affect 60-80% of the 
Madison Lakes plant communities. (Wisconsin DNR) 
 
We are analyzing data from remote-sensing buoys in Trout Lake, Sparkling Lake, and Trout Bog 
to determine the control of DO over multiple scales. The suite of candidate drivers includes 
wind, irradiance, water temperature, buoyancy frequency and thermocline depth. We use wavelet 
transform to convert all signals to multiple scales, then use model aggregation of time series 
transfer functions to connect the driver variables to DO. We have found that different drivers 
control the DO signal at different scales, and the results are scale-specific. (Hanson, Hu) 
 
The classic Odum (1956) model equates change of DO to lake metabolism and atmospheric flux. 
However, time series data of DO show pattern at multiple scales, and this pattern does not 
always relate to metabolism driven by irradiance. In this project, we investigate a suite of 
chemical and physical processes that might control DO over scales ranging from minutes to 
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days. We develop a process model that includes a variety of processes in addition to metabolism 
and confront the model with data. Results from this model suggest that metabolism controls DO 
variability at diel scales in some lakes, but not in others. At scales other than diel, a variety of 
processes contribute to DO variability. (Hanson, Ryan) 
 
In collaboration with researchers from Kangwon University in Korea, we investigate the LTER 
primary productivity collected over the past ca. 15 years. We compare patterns from LTER's 
oligotrophic lakes with patterns from a eutrophic reservoir in Korea and seek correlates of the 
long term variability. (Hanson, Rusak) 
 
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 also compare 
paleolimnological with “neo-limnological” variables (long-term monitoring data) in an attempt 
to test the sensitivities of various proxies. (Rusak, Hotchkiss) 
 
Global reductions in ice-cover are occurring in temperate lakes, advancing the onset of spring 
and leading to potential temporal mismatches between phytoplankton and zooplankton 
populations. We investigated the impact of ice-off variability on Leptodiaptomus minutus in 
Crystal Lake, Wisconsin. L. minutus populations are amongst the most synchronous in this 
region, implying a regional effect of climate. Ice-off varied by 22 days (1982-1995), with 
reduced ice-cover over 22 years examined. Earlier and later ice-off dates appear to result in 
decreased peak copepodite abundance which is also offset with peak chlorophyll abundance in 
those years. Investigations are ongoing in other lakes and regions (northern and southern 
Ontario) to investigate the regional nature of this phenomenon. (Preston, Rusak)  
 
To investigate the role of riparian and littoral vegetation structure on animal diversity, we 
surveyed birds, frogs, small flying insects, and dragonflies at 20 of the (30-m) cross-lakes 
comparison sites on ten Vilas County lakes. We found significantly fewer species of birds, flying 
insects, and dragonfly larvae at manicured lawns than at forested sites.  The research on 
dragonfly assemblages continues at these lakes with projects investigating appropriate riparian 
spatial extent, changes through time, and interactions of aquatic and terrestrial habitats in 
controlling population sizes. (Remsburg, Turner) 
 
From aerial photos on which land-cover changes were interpreted and digitized for the 100-m 
buffer surrounding a set of sample lakes, we found that the presence and extent of developed 
riparian areas in the 1930s was not related to lake attributes, and subsequent development has not 
been associated with changes in water chemistry. In addition, present-day riparian and upland 
forests were quite similar in their structure and composition and variation was not related to 
building density.  However, the density of snags and downed wood declined with increased 
buildling density.  In general, the size distributions of forest stands suggests a transition from 
successional to mature forest. (Marburg, Turner) 
 
From a re-census of littoral coarse wood in four lakes initially surveyed in 1996, we found a net 
change in wood ranging from -1.1 to +1.9 logs km^-1 yr^-1.  A net gain of logs was observed in 



 14

three of the four lakes, and this may be related to the transition from early to mid successional 
forest. Measurements of the decay rate of wood from 11 tree species that was submerged in the 
littoral zone for one year found that Larix laricina had the highest decay rate (9% of initial mass) 
followed closely by Acer saccharum and Betula papyrifera (both 4%). (Marburg, Turner) 
 
Twelve nests of multilevel piezometers were installed along two transects in the fen/steam 
complex along Allequash Creek to monitor hydraulic head and temperature in the subsurface.  
Stream stage and discharge in the creek are also being monitored.  Some measurements are 
recorded remotely and available online as they are recorded.  Ground penetrating radar, GPR, 
was used to delineate the thickness of peat within the wetland and to help locate piezometers in 
both the peat and underlying sand.  Our eventual objective is to use temperature measurements to 
constrain a three-dimensional model of transient groundwater flow. Future work will expand the 
observation network within the peat to ground-truth this model. With the USGS, we will install a 
fiber optic cable in the creek to monitor temperature in the stream at high spatial and temporal 
resolution during September 2006. (Lowry, Anderson) 
 
We have installed 3 ISCO automatic stream samplers in Allequash Creek to collect sequential 
flow-composite mercury (Hg) samples for different portions of the hydrograph, and 1 ISCO to 
provide discrete samples for chemistry analysis.  Snowmelt and storm samples are particularly 
critical for this effort and this technology greatly improves our ability to sample during these 
portions of the year. We also installed in situ YSI probes at this site to provide ancillary data for 
event sampling effort. These data are available in real-time at: 
http://waterdata.usgs.gov/wi/nwis/uv/?site_no=05357206 (Hunt, Walker, Shafer, Stanley)  
 
We are embarking on a new project to use satellite remote sensing for monitoring water storage 
and water quality in large lakes worldwide. NTL-LTER science (e.g., development of our 
MODIS image processor, etc.) leveraged NASA dollars to help support this effort. The primary 
research goal is to document changes in water storage (changing surface areas and water levels) 
in certain large, highly dynamic lakes. We are looking at combining field data from international 
monitoring programs with satellite imagery for looking at lake water clarity and other parameters 
in selected lake districts. The Wisconsin DNR continues to be an interested collaborator on this 
project. (Chipman, Lillesand) 
 
We are continuing and institutionalizing our program of Landsat-based monitoring of lake water 
clarity in ca. 8000 inland lakes throughout Wisconsin. In 2005-2006 we worked on training 
WDNR personnel to adopt our image processing and analysis methodology. ERSC staff worked 
with Alex Martin of WDNR in Dec-Apr as he went through the entire process of collecting and 
analyzing Landsat images of the entire state for 2004 & 2005. WDNR is now taking over this 
process on their own. The results of Alex's work are currently being compared to the results of 
our previous statewide lake water clarity assessments, to look at trends in water clarity. 
(Chipman, Lillesand) 
 
We are using satellite imagery at a variety of spatial scales to look at detection of the invasive 
species Phalaris arundinacea (reed canary grass) in wetlands in the Madison Lakes region. As 
part of this, we have been using a time-series of MODIS images throughout the growing season 
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to document the phenology of PA and determine at what times of year it can be most readily 
differentiated from other wetland species in this area. (Chipman, Lillesand) 
 
We are working with NALMS (North American Lake Management Soc.) and scientists at the 
University of Minnesota and Univ. of Nebraska-Lincoln on putting together a comprehensive 
report on the use of remote sensing for lake management applications. The report is based on a 
series of case studies including field spectroradiometry, airborne hyperspectral scanners, and 
various satellite remote sensing systems. A draft version of this report will be available at 
NALMS 2006 (in Indianapolis) as there will be a workshop there dealing with the subject. 
(Chipman, Lillesand) 
 
In Lake Wingra, circulation patterns are being examined through field measurements and 
hydrodynamic modeling, with the focus on the effects of weak stratification (i.e., the 
surface-to-bottom temperature differential about 1oC), and littoral vegetation. The results show 
that both have evident effects on circulations in three dimensions, and suggest that weak   
stratification   and   littoral   vegetation   are   essential   for   correctly   modeling 
hydrodynamics in small, shallow, and macrophyte lakes. (Yuan, Wu) 
  
Our existing non-hydrostatic model of multi-scale internal waves has been advanced with an 
accurate scalar-transport sub-model. The upgraded model has been verified and validated to 
simulate various internal-wave problems. The ongoing effort is to understand the internal-wave 
weather in Lake Mendota using model simulations and field data. (Yuan, Wu) 
 
We are developing the “Now-casting” system, which can combine remotely-sensed Acoustic 
Doppler Current Profiler and water temperature and oxygen buoy observations to construct 
circulation models for Trout Lake. (Kimura, Wu) 
 
 
We have continued studying internal loading and phosphorus recycling in Lake Mendota, one of 
the LTER lakes. Through this project, we have collaborated with researcher in the Engineering 
department through connections made possible by my participation in the LTER community. We 
will also use data from LTER archives to compare rates of internal loading in Lake Mendota for 
different years and to compare different models of phosphorus recycling. (Kamarainen, 
Carpenter) 
 
We are collaborating with computer scientists from the University of California San Diego 
Supercomputer Center, SUNY-Binghamton, and Indiana University on automating the 
configuration and quality assurance components of the NTL information system for near-real 
time data streaming from instrumented buoys. We created a metadata model for instrument 
management.  Calibration had been done for the dissolved oxygen data in a manual process; we 
designed and implemented a web-interface for computer-assisted calculation of correction 
factors for the calibration and updating values in the database based on the correction factors. 
(Kratz, Benson, Balsiger, Hanson, Hu, Arzberger) 
 
NTL continues to increase the number of lakes on which instrumented buoys are deployed.  
During the past year we created the database tables and triggers for incorporating and screening 
data from three additional buoys. (Rusak, Kratz, Benson, Balsiger, Meinke) 
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Ongoing spatial data management activities include development of web-based mapping systems 
and the addition of new data sets to the catalog.  The NTL website now has three interactive map 
servers that provide users with the functionality to create maps using spatial data layers for our 
two study areas (the Madison region and the Trout Lake region in Vilas County) and for 
Wisconsin statewide. (Benson, Chipman) 
 
Additional social science data sets including a manure management survey and a data set on 
shoreline property sales were added to the NTL Oracle database and are available through the 
website.  We have implemented a second “tier” in our information management system to 
capture data sets as text files (along with their metadata) when these data are not in high enough 
demand to warrant incorporation into the Oracle database, but need to be permanently archived. 
(Benson, Balsiger) 
 
Littoral contributions to metabolism can be substantial and can also be related to trophic 
conditions. To investigate the role of the littoral zone to whole-lake metabolism we measured 
diel oxygen dynamics using free-standing sondes as well as enclosed water samples (the so-
called "bottle" method). We found that sonde estimates for pelagic primary production and 
respiration were 2-3 times greater than bottle estimates on average suggesting contributions to 
metabolism from sources other than pelagic plankton. Sonde:bottle ratios were higher in 
productive lakes and lakes with more littoral area.  Sonde estimates in macrophyte-rich littoral 
areas were 4-9 times greater than bottle estimates. Our data suggests that littoral zones can 
positively contribute to whole net ecosystem production (NEP). Non-planktonic organisms 
associated with macrophytes are particularly important to littoral contributions to whole lake 
metabolism and to understanding NEP trends among lakes. (Hanson, Lauster, Kratz) 
 
The North Temperate Lakes LTER project is a founding member of the Global Lake Ecological 
Observatory Network.  We continue to grow the network which now consists of lake research 
programs in more than ten countries including Australia, China, Finland, Israel, New Zealand, 
South Korea, the United Kingdom, and the US.  Instrumented buoys record important lake data 
such as water temperature at different depths, dissolved oxygen, and weather variables every few 
minutes and transmit these data to online databases. From there, the data are made available in 
near real time on the internet. These data are used to understand factors controlling important 
processes such as lake metabolism and the temporal and spatial scaling of limnological variables. 
(Kratz, Hanson, Benson) 
 
We are examining how wetlands influence streams in the NHLD.  This summer, he conducted a 
synoptic survey of streams to characterize the range of biogeochemical conditions in streams of 
the region, and to determine if there are predictable attributes of streams as a function of their 
hydrologic characteristics (e.g., spring streams vs. streams that drain lakes) and/or their basin 
attributes (e.g., wetland extent).  The field work phase of this work is just wrapping up, so 
exciting findings will be forthcoming later this year. (Lottig, Stanley) 
 
We have been looking at the way that narrative is the device to address systems over the long 
term.  Systems change their identity at one level, whole maintaining it at another.  The question 
for long term is "What's the same when everything is different?"  Systems sometimes show 
emergence under thermodynamic gradients but they also become something else by increasing 
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efficiency as new planning elements take control.  We have cast this as taking a high resource as 
given (high gain) but also concentrating a resource in an attempt to increase efficiency as 
resources become lower quality (low gain).  All biosocial systems do both at the same time, and 
the narrative is associated with a view where one or the other dominates. (Allen)  
 
We have been investigating the ecological significance of the non-indigenous Chinese mystery 
snail (Bellamya chinensis). Using a combination of field surveys and large-scale outdoor 
experiments, we have explored the effects of Chinese mystery snails on native snail fauna and 
ecosystem processes. Preliminary results indicate that the invader is very widespread (>20% of 
Wisconsin Lakes), decreases growth and survival of native snails, while also altering primary 
production patterns. (Johnson, Carpenter) 
 
We are examining the effects of land use surrounding small aquatic systems on amphibian and 
snail diversity by comparing the chemico-physical characteristics of small ponds in regions of 
high agriculture vs. predominantly forested-environments. Response variables include amphibian 
and snail diversity, disease levels and nutrient levels. (Johnson, Carpenter) 
 
We used LTER and Biocomplexity data to develop a new technique for identifying alternate 
stable states in community data.  This technique continues to be refined. We are also exploring 
ways to link watershed land use to aquatic community structure in ponds and lakes.  For artificial 
ponds in the Madison area, the best predictors of aquatic community structure appear to be land 
use variables, not standard water chemistry variables.  To predict what is in a pond, it is better to 
look at the surrounding watershed than to look into the pond. (Dodson)    
 
In our economics-based research we are focusing on the following issues: 1. The effect of 
shoreline policies (in particular, shoreline zoning) on lakeshore property values. This issue is 
being examined using both market sales data and a survey of lakeshore property owners. 2. The 
effect of water clarity on lakeshore property values in northern Wisconsin. 3. Developing a 
model of the decision to subdivide lakeshore property, and the effects of various land use 
policies on this subdivision. Our hope is that this model can be used with models of the effect of 
subdivision on ecological variables (such as fishing quality and water clarity) to understand how 
land use policies ultimately affect lake ecology (e.g., what is the effect of shoreline conservation 
easements on lakeshore development, and thus on lake ecology?). 4. How different types of 
people (behaviors, attitudes) sort themselves across a lake system, and the implications of this for 
policy. 5. The value different types of people place on different lake-related ecological goods and 
services, such as water clarity, and "milfoil-free" (water milfoil is an invasive aquatic plant) 
lakes. (Provencher, MacPherson, Moore) 


