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NTL MAJOR ACTIVITIES AND FINDINGS – 2008-09 
 
This section of our annual report is organized as follows. First, we present six research 
summaries - these summaries provide some depth of information about major findings selected 
to represent the variety of research at our site. Then, we follow with a large number of short 
vignettes, sketching many more research activities in an abbreviated form. Readers who desire a 
more thorough accounting of our activities, publications, meetings, and information management 
should refer to our website, http://lter.limnology.wisc.edu. 
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Ecosystem Services: An Interdisciplinary Graduate Course 
 
Ecosystem services are an important theme for interdisciplinary research at NTL-LTER. In 
spring 2009, six NTL PIs collaborated to teach a novel graduate course on ecosystem services. 
Our goals were to educate ourselves and a new cohort of graduate students about ecosystem 
services, and conduct collaborative research on ecosystem services of the Yahara Lake District. 
The participating PIs were Steve Carpenter (limnology), Chris Kucharik (climatology), Dave 
Lewis (economics), Bill Provencher (economics), Monica Turner (landscape  ecology), and Jake 
Vander Zanden (limnology). The course curriculum covered the history of the ecosystem 
services concept, natural science basis of services provided by ecosystems, economic 
fundamentals, institutional design for managing ecosystem services, and current controversies. 
Course materials are posted at http://limnology.wisc.edu/courses/zoo955/spring2009/. 
 
The course included lectures, discussions and projects. Students conducted group projects 
focused on ecosystem services of the Yahara Lake District (YLD), a 920 km2 watershed that 
contains 5 major lakes and the city of Madison, Wisconsin.  
 
Land use scenarios for 2030 were developed under three different land-use policies (status quo, 
wildland preservation, or agricultural preservation) and three different densities of urban 
development (status quo, high density development, or sprawling development). Provisioning 
ecosystem services (agricultural production) and regulating ecosystem services (flood mitigation 
and sediment flux to surface waters) were compared across these scenarios. These comparisons 
showed that the specific locations of development and wild lands had strong effects on tradeoffs 
among the ecosystem services. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Climate regulation through carbon storage and change in albedo was the focus of another set of 
scenarios (Figure 1). Since pre-settlement, the YLD has lost 32% of its soil carbon and albedo 
has decreased 1.7%. The decrease in carbon storage has decreased soil fertility and water-

Figure 1. Pre-settlement land cover, land cover in 1992, and projected land cover in 2030 used 
for studies of climate regulation in the Yahara Lake District. 
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holding capacity, while transferring CO2 to the atmosphere. The albedo decrease has created an 
urban heat island in the city of Madison. By 2030, scenarios project that soil carbon loss will be  
40% of pre-settlement levels, while the area of the urban heat island will increase by 17%. 
 
Madison residents are concerned about the increased frequency of flooding in the YLD. There 
have been four “100-year floods” since 1993, and the incidence of significant flood events has 
doubled since the 1940s. Can the increased flooding be attributed to a loss of flood-mitigation 
services provided by the watershed? Since Madison was settled in the 1840s, wetlands have 
decreased 50% in the Lake Mendota watershed and 92% in the Lake Monona watershed. Since 
the 1940s, impervious area has increased from 6% to 9% in the Lake Mendota watershed, and 
from 9% to 16% in the Lake Monona watershed. The increases in flooding are more severe in 
Lake Monona, consistent with the greater losses of wetlands and greater increase in impervious 
area. These changes are consistent with a decline in the ecosystem service of flood mitigation. 
On the other hand, climatologic data show that precipitation is concentrated into larger rain 
events, even though there is no substantial trend in total precipitation. Therefore, climate change 
has also played some role in the increased flooding. 
 
In 1998, NTL researchers built a phosphorus budget for the watershed of Lake Mendota to assess 
the regulation of water quality by the watershed. Since that time, there have been significant 
policy changes for P management. How have these changes affected the P budget? To address 
this question, a P budget was built for 2008. The budget showed that agricultural fertilizer use 
has decreased 60% and urban fertilizer use has decreased 67%. Livestock biomass and therefore 
manure flows have decreased about 15%, while removal of P from agroecosystems in harvested 
crops has increased about 7%. As a result, soils of the watershed are no longer accumulating P. 
Instead, soil P is decreasing by about 55,000 kg per annum. This change has positive 
implications for future water quality of the Yahara lakes. 
 
Eurasian water milfoil (Myriophyllum spicatum L.) invaded the Yahara lakes in the 1960s and 
continues as an important element of the macrophyte vegetation. Impacts of Eurasian water 
milfoil on angling, swimming, boating and bird watching are substantial. The economic benefits 
of a control program for Eurasian water milfoil were estimated to be about $2 million per annum. 
 
Students and faculty were enthusiastic about their participation in the Ecosystem Services 
course. The course had many positive outcomes. We developed databases and models that will 
be used for ongoing research at NTL. Three of the group projects are being prepared for 
submission to journals. More than two dozen graduate students have learned about ecosystem 
services, and many of these students will build ecosystem service concepts into their thesis 
research. Collaborating faculty have built a shared, interdisciplinary understanding of ecosystem 
services that will be reflected in our ongoing research at NTL. 
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Figure 2. Observational data commonly used 
in metabolism estimates. Variables from two 
lakes include photosynthetically active 
radiation (PAR), wind speed (U), water 
temperature (T), and dissolved oxygen (DO). 

Simple metabolism model explains lake dissolved oxygen (Hanson et al. 2008)  
 
Metabolism, or carbon reduction through photosynthesis (gross primary production, GPP) and 
oxidation through respiration (R), is an important feature of ecosystems. In lakes, metabolic 
balance can be quantified by comparing autochthonous GPP and ecosystem R of autochthonous 
C, as well as allochthonous sources derived principally from the surrounding landscape. This 
balance influences critical ecosystem characteristics, such as lake color and mixing depth, pH 
and dissolved gas concentrations, and aquatic food webs. At a landscape scale, lake metabolism 
influences how lakes store, export or vent carbon to the atmosphere.   
 
Quantifying lake metabolism has challenged 
ecologists for decades, because observable 
variables important to metabolism are controlled 
by a complex suite of processes. For example, 
dissolved oxygen (DO) is a variable commonly 
measured in lake sensor networks, and as a 
substrate of R and a product of GPP has been 
used to estimate metabolism (Odum 1956). 
However, DO time series show complex 
patterns at multiple scales, suggesting multiple 
processes control its dynamics, confounding our 
ability to infer metabolism (Fig. 2).  
 
How complicated does a metabolism model 
need to be to explain DO variability?  
 
In this study, we fit five different metabolism 
models to sensor network data from two lakes, 
Crystal Bog Lake and Trout Lake, both of 
which are study systems of the NTL LTER. 
Alternative models reflect a range of 
complexities (Table 1), and include as the 
simplest case F, GPP as a linear function of 
light and constant R based on night-time 
measurements (Model 1, two parameters). In the 
most complex case, GPP and R were modeled 
as non-linear processes (Model 5, five 
parameters). Model parameters were estimated using PEST software (Parameter Estimation, Inc., 
Sandy, UT). To improve the probability of locating the global minimum, we performed 
minimization nested within a range of the possible starting conditions for parameters. The goal 
was to determine whether complex metabolism models better predicted observed DO. 
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Table 1. Alternative metabolism models ranging in complexity from low (Model 1) to high 
(Model 5). Atmospheric exchange (F) was modeled the same in all cases. For model equations, 
see Hanson et al. (2008). 
 

Process: GPP  R  F 

Model 
components: 

Linear 
f(light) 

Non-linear 
saturation 

 Constant, 
night 

Linear 
f(light) 

Non-linear 
light 

history 

 Linear 
f(gas 

saturation) 
Model 1 X   X    X 
Model 2 X X  X    X 
Model 3 X X  X X   X 
Model 4 X   X X X  X 
Model 5 X X  X X X  X 

Figure 3. Model fits to the observed DO data for the two 
lakes. Vertical dashed lines are dawn and dusk. 
Predictions are nearly indistinguishable among models, 
suggesting the simplest model adequately describes 
metabolism.  

 
Results: When models were fit to observed DO data from sensors, the simplest model predicted 
DO as well as the most complex one (Fig. 3), even though lakes differed substantially in size and 

trophic state. Trophic differences were 
reflected in metabolic balance. For 
Crystal Bog, a dystrophic lake, R and 
GPP were 4.6 and 2.7 mg DO L-1 d-1, 
respectively. In Trout Lake, which is 
oligotrophic, mean GPP (0.19) was 
slightly greater than R (0.14). 
Estimates among models for a lake 
were similar, and tended to differ from 
the mean by less than 5%.  
 
Although metabolism explains much 
of the diel pattern, some variance in 
DO remained unexplained. Internal 
waves, diurnal mixing, and weather-
induced changes in thermal structure 
appear to account for some residual 
variance. The implications for 
biological process we were unable to 
identify in fitting models to observed 
DO are that their affects on DO fluxes 
may be subtle and integrated into the 
parameter estimates of the simple 

models. Their contributions to dynamics in DO are probably less pronounced than the 
contributions of physical processes not modeled.  
References: 
Hanson, P.C., S.R. Carpenter, N. Kimura, C. Wu, S.P. Cornelius, and T.K. Kratz. 2008. Evaluation of 

metabolism models for free-water dissolved oxygen methods in lakes. Limnol. Oceanagr. 
Methods. 6:454-465.  

Odum, H. T. (1956), Primary production in flowing waters, Limnol. Oceanogr., 1, 103-117. 
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Phosphorus sources and demand during summer in a eutrophic lake 
 
In aquatic ecosystems, phytoplankton biomass may remain about constant while concentrations 
of the limiting nutrient are below detection (De Pinto et al. 1986). It has been thought that 
mixing events that add nutrients to the mixed layer may cause episodic algal blooms in eutrophic 
lakes. Another explanation may be that rapid rates of biotic recycling among primary producers 
and heterotrophic consumers could maintain high phytoplankton biomass (Sterner 1989, Poister 
et al. 1994). The recycling process has been difficult to observe because release and subsequent 
uptake may occur over a very short time scale.  
 
To better understand the process of recycling and to gauge its importance in the nutrient budget, 
we used free-water oxygen measurements and an associated metabolic model to infer rates of 
phosphorus uptake and biotic recycling in the epilimnion of a eutrophic lake. Free-water oxygen 
measurements were collected using a buoy positioned at the center of Lake Mendota. Estimates 
of ecosystem metabolism were converted into estimates of phosphorus uptake based on the C:P 
ratio of seston observed in the epilimnion. Rates of uptake and recycling were compared to 
“external” sources of phosphorus to the epilimnion such as loading and entrainment (Kamarainen 
et al. 2009). 
 
Which source was most important in supplying phosphorus to phytoplankton during the 
stratified summer season?  
 

During the period when phosphorus was below 
the detection limit, calculated rates of 
phosphorus uptake remained relatively constant. 
Uptake exceeded the amount of phosphorus 
supplied by any single source, though biotic 
recycling contributed approximately 57% of the 
documented phosphorus demand (Figure 4). 
While the majority of phytoplankton phosphorus 
demand could be accounted for by biotic 
recycling, it was important to consider the 
effects of entrainment in order to account fully 
for phosphorus uptake. Recycling occurred as a 
relatively consistent source of phosphorus to the 
epilimnion while phosphorus was supplied 
through entrainment during episodic events. 
Phosphorus supplied through recycling and 
entrainment, together, could account for the total 
required by phytoplankton during the period of 
low phosphorus availability. 
 
 

Figure 4. Mean rate of phosphorus (P) uptake 
compared to sources of P. Sum Sources 
represents the sum of all sources of P input . 
The components of Sum Sources 
(mineralization, external load, and 
entrainment) are shown to the right. Error bars 
represent one standard error  (n = 7 weeks).  
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Did the results change with different 
assumptions about model parameters?  
 
These general results were relatively insensitive 
to model parameterization. Changing the values 
of the photosynthetic and respiratory quotients 
used in the metabolic model did not change the 
general pattern of the results. The relative C:P 
ratio of material taken up versus mineralized 
(or recycled), however, was an important 
consideration. As long as C:Pup was smaller 
than C:Pmin (C:Pup/C:Pmin < 1.0) the rate of P 
uptake exceeded that of P supplied through 
recycling (Figure 5). We found that if C:Pmin 
and C:Pup are significantly different in nature 
(which is possible, but hard to measure), then 
these differences could affect our estimates of the 
relative balance between uptake and recycling. 
 
This study integrates modeling and measurement 
tools that monitor ecosystem processes at finer 
temporal resolution than has previously been 
possible, complementing other studies that use 
experimental incubation and elemental tracers. 
Extension of this approach could enhance models 
that aim to integrate biological and physical 
processes in assessment of water quality and 
prediction of phytoplankton biomass. 
 
De Pinto, J. V., T. C. Young, J. S. Bonner and P. 
W. Rodgers. 1986. Microbial recycling of phytoplankton phosphorus. Canadian Journal of 
Fisheries and Aquatic Sciences 43: 336-342. 
 
Poister, D., D. E. Armstrong and J. P. Hurley. 1994. A 6-year record of nutrient element 
sedimentation and recycling in 3 north temperate lakes. Canadian Journal of Fisheries and 
Aquatic Sciences 51: 2457-2466. 
 
Kamarainen, A. M., R. M. Penczykowski, M. C. Van de Bogert, P. C. Hanson and S. R. 
Carpenter. 2009. Phosphorus sources and demand during summer in a eutrophic lake. Aquatic 
Sciences 71: 214-227. 
 
Sterner, R. W. 1989. Resource competition during seasonal succession toward dominance by 
cyanobacteria. Ecology 70: 229-245. 
 
 

 
Figure 5. The difference between uptake 
and mineralization (recycling) versus the 
ratio of C:P for uptake relative to 
mineralization. When the relative C:P 
ratio is close to one, as was assumed in 
the baseline version of our model, the 
differences between uptake and 
mineralization is slightly positive. When 
the C:P ratio of mineralization is less than 
C:P of uptake (C:Pup/C:Pmin> 1.0), then 
the difference between uptake and 
mineralization approaches a mean of 
zero. However,when C:P of 
mineralization is greater than uptake 
(C:Pup/C:Pmin < 1.0), the difference 
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Insights from comparing regional biogeochemistry of lakes and streams 
 
Over the past decade there has been growing interest in understanding the biogeochemical 
(BGC) patterns and processes of aquatic ecosystems at large spatial scales.  Most studies that 
have sought to address this general goal have focused their efforts on either streams or lakes.  
However, water-rich landscapes often contain both ecosystem types and much needs to be 
learned regarding how hydrologically linked suites of streams and lakes influence BGC patterns 
at regional spatial scales. 
 
The primary focus of this research is to address the following questions.  First, how does regional 
aquatic BGC differ as a function of the type of ecosystem considered?  Does sampling either 
lakes or streams result in similar conclusions about regional aquatic BGC or do lakes and 
streams provide unique information that is not reflected in both ecosystems?  Second, we ask if 
comparisons of lake and stream BGC surveys at broader spatial scales can inform us about 
regional patterns and processes in aquatic ecosystems that would not be apparent if only one type 
of ecosystem was considered?  Finally, do BGC characteristics of streams and lakes scale 
similarly?  That is, are small lakes similar to small streams, and are similar BGC patterns 
observed with increasing ecosystem size? 
 
To answer these questions we conducted regional 
synoptic surveys of both lake and stream BGC in 
the Northern Highlands Lake District (NHLD) in 
northern Wisconsin and the Upper Peninsula of 
Michigan, U.S.A.  52 streams were sampled using 
a stratified random design to determine regional 
distribution of 17 water chemistry variables (C, N, 
P species, base cations, anions, ANC) during 
summer baseflow conditions.  This regional 
survey was then compared to a similar existing 
database of lake chemistry in the NHLD (Hanson 
et al. 2006).   
 
Regional stream and lake BGC differed, but often 
in a predictable manner (Lottig et al. in review).  
Stream chemistry was significantly more 
concentrated and variable than lakes, indicating 
that biases can emerge in large-scale BGC studies 
that focus on one type of aquatic ecosystem.  Of 
the 17 constituents quantified, dissolved organic 
phosphorus was the only constituent that did not differ between lakes and streams.  Comparisons 
of individual constituents in lakes and streams demonstrate regional BGC trends that were not 
apparent from ecosystem-specific studies.  In general these trends could be separated into two 
groups: differences driven by precipitation and groundwater, and differences driven by the 
unique residence time characteristics of lakes and streams.   
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Prior work done on lakes in the region emphasized the importance of groundwater inputs (Vano 
et al. 2006, Webster et al. 2006), but at a regional scale, precipitation and short groundwater 
flowpaths (Walker et al. 2003) appear to dilute the groundwater signals in a majority of the lakes 
substantially more than previously thought (Fig. 1a).  Comparisons of distributions of total 
phosphorus in NHLD lakes and streams emphasize enhanced processing of P in lakes due to 
greater residence times (Fig. 1b). Similarly, distributions of dissolved organic carbon (DOC) 
suggest that in-lake processing affects DOC concentrations in DOC-rich (>10 mg/L) systems; 
below this threshold, lake and stream DOC profiles were similar (Fig. 1c).  Lakes characterized 
by increased DOC processing also tended to be small lakes, which is consistent with the idea that 
small lakes are effective processors of carbon (Hanson et al. 2006, Hanson et al. 2007). 
 
Finally, when lakes and streams have been normalized for their distinct physical characteristics, 
studies have demonstrated surprising similarities between the disparate ecosystem types 
(Essington and Carpenter 2000, Saunders and Kalff 2001, Stendera and Johnson 2006).  
Likewise, when normalized for differences in size, we observed similar BGC characteristics 
across a gradient of small to large systems in both lakes and streams for non-weathering 
constituents (Fig. 1d).  Both systems demonstrate a threshold behavior associated with an 
apparent shift from local to regional water chemistry characteristics, demonstrating similar 
scaling patterns for these two disparate systems.  
 
In summary, this work demonstrates that integrating random sampling of lakes and streams 
across a diverse region can lead to insights about regional aquatic biogeochemistry that would 
not have been apparent from considering a single type of ecosystem. 
 
References 
Essington, T. E., and S. R. Carpenter. 2000. Nutrient cycling in lakes and streams: Insights from a 

comparative analysis. Ecosystems 3: 131-143. 
Hanson, P. C., S. R. Carpenter, D. E. 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: 343-363. 

Hanson, P. C., S. R. Carpenter, J. A. Cardille, M. T. Coe, and L. A. Winslow. 2007. Small lakes dominate 
a random sample of regional lake characteristics. Freshwater Biology 52: 814-822. 

Lottig, N. R., E. H. Stanley, P. C. Hanson, T. K. Kratz. In review. Comparing lake and stream 
biogeochemistry accentuates local and regional processes influencing aquatic ecosystems. Limnology 
and Oceanography. 

Saunders, D. L., and J. Kalff. 2001. Nitrogen retention in wetlands, lakes and rivers. Hydrobiologia 443: 
205-212. 

Stendera, S., and R. K. Johnson. 2006. Multiscale drivers of water chemistry of boreal lakes and streams. 
Environmental Management 38: 760-770. 

Vano, J. A., J. A. Foley, C. J. Kucharik, and M. T. Coe. 2006. Evaluating the seasonal and interannual 
variations in water balance in northern Wisconsin using a land surface model. Journal of Geophysical 
Research-Biogeosciences 111: G02025, doi:02010.01029/02005JG000112. 

Walker, J. F., R. J. Hunt, T. D. Bullen, D. P. Krabbenhoft, and C. Kendall. 2003. Variability of isotope 
and major ion chemistry in the Allequash Basin, Wisconsin. Ground Water 41: 883-894. 

Webster, K. E., C. J. Bowser, M. P. Anderson, and J. D. Lenters. 2006. Understanding the lake-
groundwater system: just follow the water, p. 19-48. In J. J. Magnuson, T. K. Kratz and B. J. Benson 
[eds.], Long-Term Dynamics of Lakes in the Landscape: Long-Term Ecological Research on North 
Temperate Lakes. Oxford University Press. 
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Experimental Mixing of a Dystrophic Lake 
 
Whole ecosystem experiments represent a powerful research tool and have been a prominent 
feature of NTL activities over the past decade.  In July 2008 we embarked on an extremely 
ambitious field campaign to mix a stratified bog lake (North Sparkling Bog) in Vilas County, 
WI.  We asked the question: how does an episodic aseasonal mixing event affect thermal 
structure, biogeochemical conditions, and bacterial community composition in the water column 
of a lake that normally mixes only twice per year (seasonally)?  Civil and Environmental 
Engineering and LTER graduate student Jordan Read developed a novel method to destratify the 
water column using less energy than would be required by a pump or aerators and would not 
disturb the bottom sediments or create significant gas transfer to the water column.  Two GELIs 
(Fig. 6) were deployed for 10 days with the help of 5 undergraduates, 4 grad students, 2 
postdocs, a high school teacher, and a faculty member to break stratification.  After mixing, the 
lake restratified after ca. 5-7 days, but the temperature differential between surface (epilimnion) 
and deeper (hypolimnion) layer was greatly reduced, as the hypolimnion was 10 degrees warmer 
than pre-mixing conditions.  Fall overturn also occurred several weeks earlier than in other 
similar lakes in the same region (Fig. 7).  Thus, our artificial manipulation significantly altered 
the thermal regime for several months beyond the actual episodic mixing event. 

 
Figure 6: Gradual Entrainment 
Lake Inverter (GELI).  This 
novel device resembles a large 
trampoline, with an inflatable 
ring around the outside. 
Compressed air inflates the ring 
allowing the GELI to migrate up 
through the water column, 
creating horizontal mixing. The 
GELI is negatively buoyant and 
sinks upon evacuation of the 
inflatable ring. The up- and 
down-motion creates internal 

waves that increase the mixing efficiency.  Breakdown in stratification was monitored using a buoy with 
thermistor chain and an automated profiling water quality sonde on a central raft, as well as temperature 
sensor chains distributed around the lake. 
 
We monitored several variables in North Sparkling Bog from spring mixing (April) through fall 
mixing (September) to determine the degree to which different physical, chemical, and biological 
variables were affected by the artificial summer mixing.  In addition to parameters that we could 
measure with automated sensors, we tracked changes in terminal electron acceptors as an 
indicator of microbial metabolism and bacterial community composition (BCC) using a 
molecular fingerprinting technique called automated ribosomal intergenic spacer analysis 
(ARISA).  We are also using 16S rRNA gene tag sequencing to determine the BCC at discrete 
depths during the recovery phase.  
 
As expected, experimental mixing disrupted the vertical profiles of all measured variables.  The 
entire water column became oxidized, but in the subsequent weeks, respiratory products (e.g., 
sulfide, ferrous iron, methane) increased rapidly to levels never previously observed in the lake.  
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Rates of change for several of these variables were greater than predicted from the increase in 
water temperature alone, demonstrating an enhancement of metabolic activity associated with 
this disturbance.  BCC prior to artificial mixing was highly structured with depth.  As with water 
chemistry, community structure became homogenized upon mixis, but once again became 
distinct again after approximately 7 days.  After 20 days, epilimnetic communities had fully 
recovered to pre-mixing conditions and continued on their usual seasonal trajectory of change.  
However, communities in the hypolimnion did not recover.  We hypothesize that the consistently 
elevated temperatures in the hypolimnion following mixing created microbial habitats very 
distinct from the hypolimnia of this and other similar bog lakes we have studied.  Collectively, 
this whole-ecosystem experiment clearly demonstrated that aseasonal mixing created novel 
conditions in the form of an extremely warm, metabolically active hypolimnion populated by 
distinct microbial communities in the weeks following disturbance.  We continue to monitor 
North Sparkling Bog to determine if bacterial communities have recovered during summer 2009, 
one year following the manipulation 
 

 
Figure 7.  Water column dissolved oxygen (top) and temperature (bottom) in North Sparkling Bog before, 
during, and after artificial mixis.  GELIs were deployed in the lake on July 1 and operated until mixis on 
July 10. 
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NTL Information Management 
 
The information management team at the North Temperate Lakes (NTL) LTER has enhanced the 
functionality of the NTL information system in several areas during the past year: data 
acquisition, data access, and sample maintenance. 
 
We have added a search interface to the online data catalog. Previously, we only had a browse 
interface to the data catalog. The browse mode worked well for scientists who were familiar with 
NTL data; however, it was far from optimal for data discovery by K-12 educators and the public. 
The new search interface allows the user to select a Project Type, Theme, Location, and Period 
of Interest as well as to add search criteria for text strings in various metadata fields such as 
dataset title, investigator, keywords or species name. We have significantly expanded the 
keywords in the metadata for NTL data sets, particularly focusing on those associated with 
measured variables. 
 
The rewrite of a program originally designed for zooplankton counting and measuring has been 
completed. The new program, named Z3, extends counting and measuring to other applications such as 
counting and measuring benthic invertebrates and measuring fish scales.  Z3 includes new features such 
as a Schema Editor that supports the generic functionality of the software, allowing users to specify 
what is being measured, how to group data (e.g., samples and subsamples), and how to label counts and 
measurements (e.g., Length, Egg Count). A new "overlay" mode allows Z3 to work with any Windows-
compatible camera, including any microscope cameras that provide a live feed window. The program 
provides customizable export formats permitting users to define how they want their data exported. This 
software development required getting extensive feedback from users on beta versions. 
 
Ongoing enhancements to the management of data from high-throughput field sensors deployed 
on lake buoys are in progress. We are evaluating new approaches for use in the production 
information system. We have adapted software developed for capturing data in the Global Lake 
Ecological Observatory (GLEON) database to work with the NTL LTER Oracle database tables. 
 
NTL-LTER continues to upgrade and enhance our hardware and software infrastructure. Major 
projects during the past year included upgrading the Oracle DBMS, moving the database to a 
larger and faster server and upgrading the performance of our web server. Other significant 
changes were made in the areas of cyber security, authentication, system documentation, 
software source version control and automated system software upgrades. 
 
NTL phytoplankton, zooplankton, and benthic invertebrate samples as well as fish scales are 
maintained at the University of Wisconsin-Madison Zoology Museum. The NTL information 
manager and an NTL technician coordinate with the Museum staff in this effort. During the past 
year, the space for the NTL LTER collection was expanded, and additional shelving and another 
cabinet was purchased. 
 
 Barbara Benson continues to contribute to network-level information management. She served 
on the program committee for the Environmental Information Management Conference 2008, 
organized and moderated a panel (Challenges and solutions to managing, accessing, and using 
sensor data), and presented a paper there (Meeting the challenges of an international, grassroots 
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organization of sites deploying sensor networks: the Global Lake Ecological Observatory 
Network [GLEON]). She is a member of the Controlled Vocabulary Working Group organized 
by the LTER Information Managers. 
 
The NTL information management staff undertook extensive reviews of the NTL EcoTrends project 
data sets and initiated multiple phone conferences with Christine Laney to resolve problems, some of 
which had ramifications for scripts at other sites. We also provided feedback on the Trends website. 
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Research Summaries 2008-09 
 

 Ground penetrating radar (GPR) was used to identify the thickness and geometry of peat 
in a groundwater-fed wetland in Northern Wisconsin. The low electrical conductivity of 
the water-saturated peat permitted high resolution imaging to a depth of 16 m. The GPR 
survey results delineated a break in slope in the interface between peat and the underlying 
sand/gravel. Springs and ponds are located above the break in slope suggesting that 
thinning of the sand and gravel may focus groundwater flow upward to the wetland 
surface with emergence as springs. The results of the GPR surveys suggests a potential 
mechanism that controls the formation of large springs and pools above the break in slope 
(Lowry, C.S., D. Fratta, and M.P. Anderson, 2009). 

 The Chinese mystery snail (Bellamya chinensis) is a widespread and sometimes very 
abundant invasive species in many parts of North America, but very little is known about 
its ecology. We used experimental manipulations, field surveys at the regional scale, and 
historical data to describe the distribution of this species in the NHLD and assess its 
potential impacts on native snails and on ecosystems processes. Results suggest that this 
invasive species is extremely common in the NHLD. It does not appear to have strong 
negative impacts on native snail assemblages, but it may alter ecosystem processes such 
as nutrient recycling rates. 

 We have been examining the potential for native species to adapt to invasives, using 
crayfish from Sparkling Lake as the main study population. An undergraduate-authored 
study (Hayes et al. 2009) found that 'experienced' populations of the native virile crayfish 
were more assertive towards invasive rusty crayfish in behavioral trials, and exhibited 
higher growth rates in the presence of rusty crayfish in field mesocosms relative to 'naive' 
virile crayfish populations.  

 An analysis of several thousand Wisconsin lakes (Johnson et al. 2008) found that 
impoundments were significantly more likely to support multiple invasive species 
compared to natural lakes. In addition, the presence of these highly invaded impounded 
ecosystems on the landscape reduces the distance between invaded and uninvaded 
ecosystems, thereby facilitating the spread of invaders to natural lake ecosystems and 
facilitating their spread on lake-rich landscape.  

 Experimental removal of invasive rusty crayfish from Sparkling Lake continued in 2008. 
Catch rates were at an all time low - two orders of magnitude lower than catch rates at 
beginning of removal in 2001. This will be the final year of crayfish removal, allowing us 
to assess whether the lake stays in a non-invasive dominated state. 

 The methylation of mercury in wetlands, such as those occurring throughout the Trout 
Lake Region, is an environmental problem of serious concern, as the methylated mercury 
accumulates in fish, in an area with an important recreational fishery.  Our research seeks 
an understanding of the geochemical factors controlling the methylation of mercury by 
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native wetland microbial communities.  Preliminary results show mercury complexation 
with sulfide playing a minor role in regulating the methylation process, but complexation 
with natural organic matter being the major factor limiting the methylation of mercury. 
 Laboratory manipulations to confirm the correlations observed in environmental samples 
are ongoing. 

 The relationship between residential shoreline development and largemouth bass 
(Micropterus salmoides) growth rate across ontogeny was investigated in a cross-lakes 
comparison of 16 lakes in Wisconsin’s Northern Highland Lake District and was 
analyzed using a hierarchical approach.  Largemouth bass growth was correlated with 
shoreline development for bass 112 mm or smaller and growth was inversely related for 
fish larger than 228 mm.  Although mechanism cannot be inferred from this survey, the 
observed trends are consistent with effects expected from recreational fisheries. 

 Coarse woody habitat serves as critical habitat in lake littoral zones in the form of refuge, 
foraging, and spawning habitat for many species of fish including largemouth bass 
(Micropterus salmoides), a popular sport fish.  However, coarse woody habitat is often 
removed manually from lake littoral zones as humans develop lakes and naturally 
removed due to reductions in lake level associated with climate change.  We are 
concluding an eight-year whole lake manipulation on Little Rock Lake monitoring the 
impacts of a manual and a natural reduction in coarse woody habitat on largemouth bass 
growth rates and foraging behavior.   

 Recent economic analyses emphasize that designated open-space increases the rents on 
neighboring residential land, and likewise, the probability of undeveloped land 
converting to residential uses.  This research addresses a different question: What is the 
effect of local open space conservation on the rate of growth in the density of residential 
land? The analysis is relevant for exurban development and also for remote lakeshore 
development, where shoreline development density can rapidly increase over time and 
open-space policies are often advocated as a way to protect ecosystems by reducing 
development. A discrete choice econometric model of lakeshore development is 
estimated with a unique parcel-level spatial-temporal dataset, using maximum simulated 
likelihood to account for i) the panel structure of the data, ii) unobserved spatial 
heterogeneity, and iii) sample selection resulting from correlated unobservables.  The 
dataset examines the development decisions for all parcels across 140 lake shorelines in 
northern Wisconsin between 1974 and 1998.  Results indicate that, contrary to the 
intuition derived from the current economics literature, local open space conservation 
policies do not increase the rate of growth in residential density, and some open space 
conservation policies – particularly public conservation land – may reduce the rate of 
growth in residential development density. This is consistent with land-value 
complementarity between local open space and parcel size. Spatially-explicit simulations 
at the landscape scale examine the relative effects of conservation policies on the time 
path of development. 

 Our research on forecasting land use and ecological change is developing a joint 
econometric-simulation framework to forecast detailed empirical distributions of the 
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spatial pattern of land-use and ecosystem change.  In-sample and out-of-sample 
forecasting tests are used to examine the performance of the parcel-scale econometric and 
simulation models, and the importance of multiple forecasting challenges is assessed. The 
econometric-simulation method is integrated with an ecological model to generate 
forecasts of the probability of localized extinctions of an amphibian species.  The 
research demonstrates the potential of integrating economic and ecological models to 
generate ecological forecasts in the presence of alternative market conditions and land-
use policy constraints.  We also use simulated development patterns as inputs into 
biological models that predicted the amount of coarse woody debris (CWD) and the 
growth rate of bluegills as a function of residential density. Comparisons of the biological 
outcomes under different simulated zoning scenarios quantified the effect of zoning 
policies on residential density, CWD, and bluegill growth rates. Our results show that 
zoning significantly affects residential density, CWD counts and bluegill growth rates 
across our study area. At the scale of individual lake, however, the effect of zoning was 
less clear; we observed high variability in the effect of zoning from lake to lake and – for 
a given lake – from simulation to simulation. Our result suggests that homogenous zoning 
(i.e., for a county) is likely to have mixed results when applied to a heterogeneous 
landscape.  

 We are using hedonic analysis to estimate the effects of a common aquatic invasive 
species – Eurasian Watermilfoil (milfoil) – on property values across an extensive system 
of over 170 lakes in the northern forest region of Wisconsin.  Since milfoil is 
inadvertently spread by recreational boaters, and since boaters are more likely to visit 
attractive lakes, variables indicating the presence of milfoil are endogenous in a hedonic 
model.  Using an identification strategy based on a spatial difference-in-differences 
specification, results indicate that lakes invaded with milfoil experienced an average 13% 
decrease in land values after invasion. 

 Gauging the value of non-market environmental goods and services is valuable for 
policymakers interested in maximizing welfare.  Using a survey of lakeshore property 
owners, this research connects an extensive battery of background behavioral and 
demographic characteristics with property owners’ valuation of such ecosystem services 
as control and prevention of aquatic invasive species, conservation of littoral amphibians, 
and fishing quality.  This survey was completed in spring of 2009.  Initial contingent 
valuation econometric analyses confirm previous hedonic non-market valuation of the 
invasive species Eurasian water-milfoil and indicate an average annual willingness to pay 
to prevent or control milfoil of $1300.  Results suggest an annual willingness to pay to 
increase fishing quality of under $200, and an annual willingness to pay to protect green 
frogs of about $30. 

 Only through consideration of both human behavior and invasive species ecology can the 
spread of aquatic invasive species be forecast given various management regimes.  Our 
research on the bioeconomics of aquatic invasive species spread, currently in its infancy, 
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will combine multiple econometric models of human behavior, species survivability 
experiments, and niche spread prediction models to forecast the effects (incorporating 
feedbacks) of various management strategies on the spread of Eurasian water-milfoil and 
other aquatic invasive species in a dense lake district.  Currently (summer of 2009), a 
pilot travel cost survey is being fielded to support econometric behavior models. 

 Agricultural landscapes provide important ecosystem services yet also pose risks to 
downstream water resources, including rivers, lakes, and groundwater.  This research 
examines past trends in transition from agricultural to development land use and the 
effects on water resources, and uses a spatially-explicit parcel-level time-series dataset to 
develop an econometric model to forecast land use transition in order to examine 
associated changes in aquatic ecosystem services.  Currently (summer of 2009), historical 
plat maps are being digitized to create this dataset. 

 Research by Tim Allen and colleagues continues to look at hierarchy theory linking it to 
notions of high and low gain.  It appears that the patterns of high and low gain reflect the 
essentials of how biosocial hierarchies change over time.  

 We are completing a regional analysis of stream water chemistry in the Northern 
Highlands Lake District (NHLD) that has considered how our understanding of regional 
aquatic biogeochemistry is affected by the types of ecosystems considered (streams 
versus lakes) and how stream chemistry varies across this hydrologically complex, 
carbon-rich landscape.  Similar to many other world regions, wetlands have a substantial 
influence on the dissolved organic carbon (DOC) concentrations in NHLD streams, but 
unlike finding from other studies, we did not find a measurable effect of lakes on 
downstream DOC concentrations.  Our results suggest that while lakes may influence 
local DOC concentrations, their regional influence is minimal and wetlands- and 
variation in wetland attributes- shape spatial patterns of stream DOC at the regional 
spatial scale.  The dataset generated for this study also provides a valuable resource for 
future studies, such as inter-regional comparisons or process modeling of aquatic carbon 
cycling.  

 NTL-LTER scientists continue to be leaders in the Global Lakes Ecological Observatory 
Network (GLEON, gleon.org).  GLEON is  a grassroots network of lake scientists, 
ecologists, engineers and information technology experts with a common goal of building 
a scalable, persistent network of lake ecology observatories.  Kratz serves as the chair of 
the Steering Committee and Hanson is the lead PI on the GLEON Research Coordination 
Network award.  As of August 2009, GLEON has 167 individual members from 30 
countries and six continents.   The next GLEON meeting will in Wisconsin in October 
2009. 

 


