
NTL MAJOR ACTIVITIES AND FINDINGS – 2012-213 

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. We conclude with an overview of our activities and advances related to our information management 
system. Then, we follow with a large number of short vignettes, sketching many more research activities in an 
abbreviated form. These vignettes have been organized around our primary research themes although many of our 
research activities are multi-thematic. 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. 

  



Long-term water level oscillations in the Laurentian Great Lakes region. 
 
Although water cycles across North America have fluctuated in response to climate throughout geological 
time, recent climatic impacts and near-term forecasts are uncertain due largely to short and sparse 
hydrological records that are also often confounded by land-use or direct human influences, such as 
impoundment and diversion. To overcome these shortcomings and investigate long-term regional 
hydrologic dynamics, a collaborative effort among researchers and water resource managers across 
Wisconsin assembled a unique hydrologic data set of water levels and meteorology in northern Wisconsin 
and the Laurentian Great Lakes region.  This assemblage of data was highly unusual in its length and 
diversity.  Historic but discontinued lake level records for Buffalo Lake, WI were successfully 
harmonized with overlapping modern records from one of NTL’s core study lakes (Crystal Lake) to build 
a continuous time series that started in 1942. Further, data for undisturbed small seepage lakes were 
combined with information on groundwater levels from the NTL program as well as water surface levels 
for Lakes Superior and Michigan-Huron to evaluate the temporal coherence and climate sensitivity 
among highly divergent lake systems.   
 
The overlapping time-series for Crystal Lake, 
Buffalo Lake and associated groundwaters indicate 
that a coherent, near-decadal oscillation has 
dominated water levels in the NHLD for most of the 
past 7 decades (Fig. 1A).  The amplitude of 
oscillation approaches 2m, dwarfing the well-known 
annual cycles. And surprisingly, despite strong 
differences among systems, Lakes Superior and 
Michigan-Huron also experienced this same multi-
decadal oscillation, although with a more dampened 
periodicity (Fig. 1B). These long-term cycles in 
water level corresponded to net atmospheric water 
flux (precipitation-evaporation [P-E]) in the region 
(Fig. 1C). These findings confirm that climatically 
driven, near-decadal oscillations have dominated the 
water cycle in this sector of mid-continental North 
America for most of the last century.   
 
The second notable pattern from this 70-year time 
series is a distinct decline in water levels in the past 
decade, reaching the minimum level of record in 
2010 for Northern Highland Lakes. Similarly, the 
water level of Lake Michigan-Huron recently 
dropped at a rate not seen since the 1930s mega-
drought.  These declines occurred as precipitation 
has remained relatively steady, but evaporation has 
increased, suggesting a strong link to an evolving 
climate system.   

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  
Figure 1. Inter-decadal oscillation of water levels and 
Pricipitation-Evaporation (P-E), 1942-2011. (A), Time-series for 
Crystal Lake, Buffalo Lake and groundwater monitoring wells. 
(B), Time-series for Lake Michigan-Huron (red line) and Lake 
Superior (circles) compared to the time-series for NHLD waters 
(grey). (C), Time-series for cumulative (P-E) summed over a 3 
year moving window (bars) compared to the aggregated time-
series for NHLD waters.  
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At least three future scenarios seem possible for this mid-continental sector: 1) the historical water cycle 
may resume in a few years, with the time period 1990-2012 emerging as an aberration in the historical 
record; 2) the recently altered cycle may propagate through future time as an amplified oscillation around 
the historical mean water level; or 3) a step-change (or series of step-changes) to new mean water levels 
may occur. Because of the magnitude of past oscillations, it remains challenging to determine which 
scenario is most likely. Nonetheless, recognition of these oscillations, and a potential departure from these 
oscillations, has only be recognizable through the construction of this unique and multifaceted long-term 
data set. 
 

Controls and magnitudes of gas emissions from streams 
 

Although streams are now recognized as important components of regional and global carbon budgets, 
patterns and controls of stream CO2 and CH4 budgets are poorly documented for most landscapes. One 
major question is: Do streams support their CO2 and CH4 emissions through internal processing or do 
terrestrial sources and groundwater provide most of the gas supply? We assessed the sources, rates and 
landscape scale magnitude of stream gas emissions in the Northern Highlands Lake District using data 
collected from 2001-2012. In addition to stream CO2 emissions (~23 Gg C yr-1) that were nearly 
equivalent to lake emissions (27 Gg C yr-1), we documented some of the highest recorded CH4 fluxes 
from aquatic systems. Our data support the contention that both metabolism and groundwater control 
stream gas concentrations, whereas lakes did not affect stream gases through either surface or 
groundwater connections. Since dissolved gases are non-conservative and are predicted to have short 
residence times in the water column, we assessed downstream patterns in six streams with similar 
characteristics (Fig. 2). This seasonal 
sampling illustrated temporal coherence of 
CO2 supersaturation that diverges from the 
prediction of a single upstream CO2 
source (i.e., a lake outlet or a groundwater 
seep) and points to discrete regions of 
high CO2 which we attribute to 
groundwater inflow. Assessments of 
stream metabolism using paired CO2 and 
O2 time series also indicate the strong 
influence of groundwater to stream CO2 
pools, in addition to net heterotrophy. Our 
analysis was based solely on 
measurements of diffusive emissions, but 
recent work has suggested a dominant role 
of ebullitive (bubble induced) emissions, 
especially for CH4. This work further 
supports previous conclusions that small 
streams are an important piece of the 
global carbon cycle, and that more 
attention to CH4 cycling is warranted in these carbon rich ecosystems.  
 

	  

	  

	  

	  

	  

	  

	  

	  

 
Figure 2. Longitudinal transect pCO2 from streams without upstream lakes 
(left column; a,c,e) and streams draining lakes (right column; b,d,f); points are 
the mean (n=5), error bars equal one standard deviation; blue lines are 
predictions of pCO2 derived from the first sampling location (0 m) with losses 
by  emission at constant rates, assuming no new inputs and no in-stream 
consumption of CO2; streams are Stella (a), Lost (b), Mud (c), White Sand (d), 
North (e), Aurora (f) 
	  

	  



Rapid transitions between invasive and native species: alternative stable states and thresholds? 

Rapid transitions in ecosystem structure, or regime shifts, are a hallmark of alternative stable states. 
However, regime shifts can occur even when feedbacks are not strong enough to cause alternative stable 
states. Despite the theoretical and practical importance of distinguishing between different types of 
threshold responses, empirical evaluations of alternative stable states on management-relevant scales are 
rare. NTL-LTER researchers have observed rapid transitions between invasive rusty crayfish (Orconectes 
rusticus) and native sunfishes (Lepomis spp.) in two LTER lakes. A transition from sunfish to rusty 
crayfish dominance occurred as rusty crayfish invaded Trout Lake, WI, and the reverse transition 
occurred following an 8-year experimental removal of rusty crayfish from Sparkling Lake, WI. We fit a 
stage-structured population model of species interactions to 31 years of time-series data from each lake.  
This model allowed identification of significant drivers of both rusty crayfish and sunfish abundance, and 
parameter estimates were used to assess the likelihood of shifts between alternative stable states causing 
observed transitions. 

Water level was identified as an important 
environmental driver of community 
composition, with drought conditions reducing rusty 
crayfish recruitment and allowing sunfish dominance. 
Predation of rusty crayfish by non-sunfish littoral 
fishes did not significantly influence crayfish 
abundance. Reciprocal negative interspecific 
interactions between rusty crayfish and sunfish led to 
alternative stable states in the model, where each 
species was capable of excluding the other within a 
narrow range of environmental conditions (Fig. 3). 
However, rapid transitions caused by a threshold 
response lacking alternative equilibria were also 
possible given uncertainty in parameter estimates. 
Simulated forward and backward transitions between 
species dominance occurred at different environmental 
conditions (i.e., hysteresis) even when the parameters 
used for simulation did not predict alternative stable 
states as a result of slow species responses to 
environmental drivers. Thus, alternative stable states 
are possible, but by no means certain.  Explanations 
for rapid transitions in this system coupled with our 
results highlight the difficulties associated with 
distinguishing alternative states from other types of threshold responses. However, whether regime shifts 
are caused by alternative stable states may be relatively unimportant in this system, as the range of 
conditions over which transitions occur is narrow, and under most conditions the system is predicted to 
exist in only a single state.  

 

	  

Figure 3: Proportion of total abundance composed of rusty 
crayfish (rusty crayfish CPUE/ rusty crayfish CPUE + 
Lepomis CPUE) predicted from invasibility analysis as a 
function of the bifurcation parameter U( reduction in crayfish 
recruitment). Predicted abundances were generated from 
invasibility analysis (see text) using (A) the maximum 
likelihood parameter estimates, which produce alternative 
stable states for U values from 1.24 to 2.04 (grey dotted line), 
and (B) one of the 1000 bootstrapped parameter sets for which 
no alternative stable states exist and both species coexist for U 
between 0.62 to 2.77 (grey solid line). Under both parameter 
sets, rusty crayfish always exclude Lepomis at low U values, 
and Lepomis always exclude rusty crayfish at high U values.	  



Nitrogen control of cyanobacterial communities 

Toxic cyanobacterial blooms threaten freshwaters worldwide but have proven difficult to predict because 
the mechanisms of bloom formation and toxin production are unknown, especially on weekly time scales. 
Water quality management continues to focus on aggregated metrics, such as chlorophyll and total 
nutrients, and these measures may not be sufficient to explain complex community changes and functions 
such as toxin production. For example, nitrogen (N) speciation and cycling play an important role in 
shaping cyanobacterial communities on daily time scales based on function because declining N has been 
shown to select for N2 fixers. Addition of N pulses from N2 fixation (termed new N) may stimulate and 
sustain contemporary 
phytoplankton communities, 
including those that are potentially 
toxic (Fig. 4).  

We described how rapid early 
summer declines in N followed by 
bursts of N2 fixation have shaped 
cyanobacterial communities in a 
eutrophic lake (Lake Mendota, 
Wisconsin, USA), possibly 
driving toxic Microcystis blooms 
throughout the growing season. 
On weekly time scales in 2010 
and 2011, we monitored the 
cyanobacterial community using 
the phycocyanin intergenic spacer 
(PC-IGS) region to determine population dynamics. In parallel, we measured microcystin concentrations, 
N2 fixation rates, and potential environmental drivers (such as nutrient concentrations, light levels, and 
lake stability metrics) that contribute to structuring the community. We defined a time period called the 
“toxic phase” when toxins were significantly above the World Health Organization level for safe drinking 
water (1 µg L-1). 

In both years, cyanobacterial community change was strongly correlated with dissolved inorganic 
nitrogen (DIN) concentrations, and Aphanizomenon and Microcystis alternated dominance throughout the 
pre-toxic, toxic, and post-toxic phases of the lake. Microcystin concentrations increased within a few days 
after the first N2 fixation rates were observed. We attribute this to a response in N stress by the non-N2 
fixing, Microcystis, and subsequent growth due to new N inputs, because following large early summer 
N2 fixation events, Microcystis increased and became most abundant. Maximum microcystin 
concentrations coincided with Microcystis dominance. In both years, DIN concentrations dropped again 
in late summer, and N2 fixation rates and Aphanizomenon abundance increased once again before the lake 
mixed in the fall. Estimated N inputs from N2 fixation were large enough to supplement, if not support, 
the toxic Microcystis blooms. 

 

Figure 4: Conceptual diagram of the potential role of nitrogen stress in Lake Mendota, 
WI. A decline in dissolved inorganic nitrogen (DIN) could have two simultaneous effects: 
1) stimulate N2 fixation by diazotrophs (e.g. Aphanizomenon) that will lead to new N 
inputs into the photic zone and 2) lead to N starvation in non-N2 fixers (e.g. Microcystis), 
which may potentially stimulate toxin production. The new N inputs could then support 
growth, prolonging toxic blooms of non-N2 fixers throughout the growing season. 
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Quantifying pelagic production in lakes: comparison of long-term free-water dissolved oxygen and 
14carbon estimates 

Primary production is perhaps one of the most fundamental processes in ecosystems and is a foundation 
of understanding long-term ecosystem dynamics among LTER sites.  There is a long history of estimating 
primary production in both freshwater and marine ecosystems using 14carbon (14C) incubations. An 
advantage of the 14C approach is the ability to quantify production in systems with low production.  On 
the other hand, due to logistical challenges of 14C incubations, obtaining high temporal resolution 
estimates (e.g., daily production) is difficult and cost prohibitive. Thus, whole ecosystem estimates of 
ecosystem production at daily to annual time scales often necessitate interpolating between infrequent 
measurements.  Recent technological advances now allow us to collect dissolved oxygen (DO) data in 
lakes at high temporal frequencies with minimal effort and these data can be used to estimate lake 
production (“free water” methods).  A disadvantage of this approach is that estimating production using 
free-water DO techniques is difficult in 
low productivity systems. On the other 
hand, unlike 14C approach, obtaining data 
needed to generate production estimates in 
lakes is relatively easy at both high 
temporal frequencies and in multiple 
systems. While there are clear advantages 
and disadvantages of both approaches, 
much is yet to be learned about the 
interchangeability these production 
estimates in lakes.  We compared pelagic 
production estimates derived from 14C and 
free-water approaches over a four-year 
period in two lakes that have been 
continuously monitored over the last 30+ 
years as part of the North Temperate 
Lakes Long-Term Ecological Research 
program. 

Over the study period, 14C production was 
directly measured 17 times in Sparkling 
Lake and 29 times in Trout Lake.  
Including days for which 14C was estimated using real-time PAR data along with interpolated P-I curves, 
we quantified whole lake production with both 14C and O2 approaches on 654 days (Sparkling = 292 days, 
Trout = 392 days). Across all analyses, at daily to annual time scales, we saw little evidence of 
quantitative differences in the estimates of pelagic production obtained by either 14C or free-water DO 
approaches (Fig. 5). Although not significant, we did observe a slight bias towards increased production 
estimates using the free-water DO approach relative the 14C incubations which is consistent with prior 
observations that 14C incubations generally quantify production values between gross primary production 
and net ecosystem production. 

	  

	  
Figure 5: Comparison of daily pelagic productivity in Trout Lake (top)  and all 
lakes (bottom) quantified using 14C and free-water O2 approaches. (Bottom A) 
Principle components regression not significantly different from line of 
equality (dashed line). (Bottom B) Difference plot of 14C and O2 methods along 
with average difference (solid line) and 95% confidence interval of limits of 
agreement (dashed lines). 
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Given the fundamental importance of primary production in ecosystems, pelagic production in lakes is 
often quantified in lakes around the globe. Because many studies employ different methodologies, 
understanding the interchangeability of different approaches is critical for synthesizing data to 
understanding patterns and controls of pelagic production in lakes. Overall, results from this study 
suggest that 14C and free water O2 approaches are interchangeable and can be interpreted similarly for the 
types of systems considered in this study.  

 

 

Shifting drivers and static baselines in environmental governance: challenges for proving and 
improving water quality outcomes 

Understanding the conditions that enable or constrain success in environmental governance is crucial for 
developing effective interventions and adapting approaches. Efforts to achieve and assess success in 
environmental quality improvement are often impeded by changes in conditions that drive outcomes but 
lie outside the scope of intervention and monitoring. Through historical trend analysis, GIS mapping, and 
policy analyses of the Yahara River watershed (YRW; the watershed for NTL study lakes Mendota, 
Monona, and Wingra), we documented how long-term changes in land use, agriculture, and climate act as 
non-stationary drivers of change that combine to render water quality management interventions less 
effective and increasingly difficult to assess. These shifting drivers exert tremendous pressure on water 
quality outcomes but are not captured in snapshot baseline assessments used for intervention planning and 
evaluation (Fig. 6). This research focuses analysis on the following drivers of water quality outcomes in 
the Yahara River watershed:  

1) Land use change: Key changes include 1) 
increasing urbanization shrinking the 
agricultural land base available for manure 
spreading, resulting in larger risk of high 
phosphorus loads to downstream water bodies; 
2) urbanization increasing watershed 
impervious surface and construction-site and 
streambank erosion; 3) decreasing pasture area 
and increasing row crop area that exposes 
more nutrient-laden soil; and 4) reductions in 
nutrient-removing wetland acreage. 

2) Agricultural intensification: Agricultural sector change related to the intensification of milk and 
manure production drives YRW water quality outcomes and is increasingly challenging to address 
through best management practices. Area dairies produced over 1billion lbs. of milk in 2006. Per cow 
milk production has increased and the average watershed dairy cow now produces twice the manure it did 
40 years ago. More cows and more nutrients have been pushed onto a smaller land base, concentrating 
manure spreading and increasing soil phosphorus levels on remaining agricultural land. 

	  
Figure 6: Shifting drivers challenge assumptions about the relationship 
between interventions and outcomes. A. Expected trajectories of 
management intervention and nutrient loading outcomes, given 
assumption of stationary drivers of change. B. Actual trajectory of 
management intervention and nutrient loading outcomes, given shifting 
drivers that counteract management effort. 
	  



3) Climate change: Increasing annual precipitation and frequency of heavy rainfall in the YRW result in 
more surface runoff and erosion of phosphorus-laden soil. As streamflow increases with heavy 
precipitation events, phosphorus loading increases exponentially. Observations from two major sub-
basins draining to Lake Mendota – Yahara River and Pheasant Branch Creek – indicate that 70-80% of 
the phosphorus load occurs on only 5% of days, making increased frequency of heavy rain events a 
potentially serious problem for water quality management efforts. 

Analysis of these shifting drivers demonstrates challenges facing environmental governance in the context 
of climatic and socioeconomic change. Lessons about policy interventions and assessment from the YRW 
suggest how future environmental governance might confront shifting drivers that challenge baseline 
definition, monitoring and modeling. To enable learning and adaptive governance, scenario planning and 
transdisciplinary analyses of driving factors of change can complement models and monitoring to better 
inform environmental intervention design and assessment. Future efforts may also need to engage with 
the challenging task of confronting drivers of persistent problems through innovative, adaptive and 
transformative intervention. When shifting drivers remain beyond the scope of management intervention, 
goals and measures of success may need to be renegotiated. 

 

Advances in NTL-LTER Information Management 

NTL-LTER continues to be a leader in information management. A major upgrade of our information 
system has been finalized with high quality metadata for all NTL datasets being uploaded into the LTER 
data catalog in Metacat and the new LTER Network Information System (NIS) based on PASTA. All 
dataset titles have been edited to reflect recommendations in the EML best practices and all datasets have 
a methods section filled out – the two areas where our former EML files were lacking according to the 
network-wide quality report. Information from several NTL-related (but separately funded) project 
websites has been integrated into the NTL LTER website as ‘related projects’. This has consolidated 
valuable content into one place where it can be better maintained. Presentations, white papers, and reports 
have been converted to pdf format from old and frequently barely readable formats. Additionally, Kepler 
workflows have been developed for many basic data cleaning, QA/QC, and database integration 
processes. All data packages have passed the congruency checker and data are accessible from the LTER 
NIS portal, from the LTER data catalog in Metacat, as well as from our own website. They also can be 
found at the ORNL DAAC and DataONE. 

Our website continues to be managed in Drupal 
and the Drupal Environmental Information 
System, which is serving us well. Access statistics 
have not changed significantly in the last year. The 
vast majority of our visitors are looking for data 
(Fig. 7). We have served data to about 600 people 
over the last year, most of whom have downloaded 
more than one dataset (on average each person 
downloaded about 15 datasets). The monthly 
average download has increased approximately 

	  
Figure 7: Overview of unique visitors and data downloads from the 
NTL-LTER website.  Arrow indicates undergraduate class project 
that used NTL data. 
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33% in the past year (800 datasets/mo) with an equal split between supporting ‘research’ and ‘education’ 
activities. 

Overall our website has had about 1600 visits per month from slightly over 1000 unique visitors (Fig. 7). 
Only about 35% of those are returning visitors. The bulk comes from the US and Canada, followed 
distantly by most European countries, then Asia and South America. Aside from data access, people are 
mostly interested in the research done at NTL, which we present as research questions, research 
highlights, research projects, and protocols. The NTL bibliography is accessed about as frequently as the 
personnel profiles. Interestingly, people seem to really use the linked keywords provided. These keywords 
are especially powerful in Drupal as they can be used to tag every piece of information. Therefore, people 
are able to click on a keyword in one section and then are presented with related information from other 
sections (e.g. clicking on a keyword attached to a dataset leads to related projects, publications, and 
research highlights). The LTEArts initiative is the most active outreach component of our website. The 
associated LTEArts facebook page also draws a significant amount of traffic – each posts reaching about 
30 – 50 other facebook users. 

This spring saw active development upgrading the Drupal Environmental Information Management 
System to Drupal 7. Three LTER sites and the LTER Network Office pooled resources from supplement 
funding to hire a professional Drupal development company. Although the bulk of the work in interacting 
with the developers was done by Inigo San Gil and Kristin Vanderbilt at UNM, we participated in the 
process with testing and providing feedback to the developers when asked. We will be implementing the 
new developments in fall 2013. Highlights of the new developments are streamlined data entry, improved 
EML output and integrity, support of IM workflows, a faceted data set search, a highly configurable data 
exploration tool with intelligent filtering and data download, and, for the mobile age, a responsive web 
design theme. Seven custom modules and a specific installation profile were developed involving many 
other community contributed modules, all with an upgrade to Drupal 8 in mind.  

We assisted the Shoreline Property Owner Survey project (a NSF funded CHNS grant associated with 
NTL-LTER) with developing the survey as a Drupal web application. This survey is considered a core 
dataset for NTL and is conducted at regular intervals to assess changes in activities, attitudes, and values 
of shoreline property owners. It has been conducted online once and experience with the past setup was 
used to develop the Drupal version in-house. A fair amount of effort was necessary to use Drupal 
webforms to support stringent requirements for layout and adaptive/responsive behavior of the survey; 
i.e., questions presented depend on type of person being interviewed as well as previous answers. 

As reported last year, we upgraded our fish sampling application to be used on Android tablets. It was 
tested and a few bugs were fixed during this past winter and has been used in production mode for this 
year’s sampling. 

We hired an excellent programmer as part of a NSF SI2 project (PI Tony Fountain, Calit2 and UCSC, 
Gries co-PI). As a result of the collaborations with Mathew Miller, DataTurbine developer, and Wade 
Sheldon, GCE LTER information manager and GCE Matlab Data Toolbox developer, data in 
DataTurbine can now be accessed from within the GCE Matlab Data Toolbox, where quality control 
routines may be established on the streaming sensor data before saving them into a database. We are now 
in the process of implementing a production-level system for NTL’s streaming sensor data using this 
technology stack to provide near real time, quality controlled sensor data. We reported on some 



DataTurbine problems last year, which the programmer was able to address with code improvements in 
the on- and off-ramps for DataTurbine. We are expecting to have a production system running fall 2013. 
Preliminary data can be viewed http://lter.limnology.wisc.edu/data/instrumented-buoy-plots.  

Ten new datasets were added last year with the help of a graduate student assistant. As proposed for last 
year’s NTL supplement, we digitized a substantial amount of additional data for our Historical Birge - 
Juday Lake Survey 1900 – 1943. The data were entered from handwritten index cards that were available 
from the UW archives. The graduate student also harvested and reformatted data from the USGS data 
portal for the ‘Trout Lake USGS Water, Energy, and Biogeochemical Budgets (WEBB) Stream Data 
1975-current’. Metadata has been generated for this new data and will be submitted to the LTER cross 
site StreamChemDB. During a LTER working group meeting the student also developed a Kepler 
workflow to automate this task and keep the dataset updated in the future. The student was trained in data 
management techniques in the process and is now assisting other projects with their IM needs. 

The information management team at NTL continues to participate in LTER Network activities, 
organizing and participating in working groups. Stephenson, Sebranek, Christel, and Gries have all 
participated in at least one LTER Network organized working group or training, developing example 
workflows and training participants in the use of DataTurbine and other software for streaming sensor 
data. Gries and Stephenson are actively participating in the new DEIMS developments, testing and 
providing feedback to the developers. Both attended the LTER IM annual meeting in Fairbanks, AK. 
Gries is involved in developing a Sensor data management best practices document on the ESIP (Earth 
Science Information Partners) website which includes collaborators from outside the LTER community. 
Stephenson continues work with the LTERMaps working group, designing and implementing a GIS 
module for the Network Information System. He has been editor for the LTER IM online publication 
DataBits. 

New Datasets: 

• Trout Lake USGS Water, Energy, and Biogeochemical Budgets (WEBB) Stream Data 1975-
current  

• Cascade Project at North Temperate Lakes LTER: Carbon Data 1988 - 2007  
• WDNR Yahara Lakes Fisheries: Fish Lengths and Weights 1987-1998  
• River Nutrient Uptake and Transport at North Temperate Lakes LTER (2005-2011)  
• Additional Daily Meteorological Data for Madison Wisconsin (1884-2010)  
• Lake Mendota at North Temperate Lakes LTER: Snow and Ice Depth 2009-2010  
• LTREB: Kalfastrond Peninsula Experiment (KAL) Midge Counts at Lake Myvatn 2008-2011  
• Fluxes project at North Temperate Lakes LTER: Spatial Metabolism Study 2007  
• Fluxes project at North Temperate Lakes LTER: Random lake survey 2004  
• Fluxes project at North Temperate Lakes LTER: Hydrology Scenarios Model Output 

 

  



Research Summaries 2012-2013 
 
NTL PIs have been extremely successful leveraging NTL facilities, research, and long-term data 
in affiliated projects, many of which are related to core NTL science questions.  These affiliated 
projects are funded through the National Science Foundation (Coupled Human and Natural 
Systems; Macrosystems Biology; Water, Sustainability, and Climate; Microbial Observatories; 
Cyber Enabled Discovery and Innovation; Research Coordination Networks), State agencies 
(Wisconsin DNR), Federal agencies (USGS Water, Energy, and Biogeochemical Budgets; 
Climate Change & Resilience Sport Fisheries; and USDA Forest Service), Private Foundations 
(Gordon & Betty Moore Foundation), and private donors. In total, a total eight affiliated research 
initiatives and six privately-funded undergraduate research fellowships are affiliated with the 
NTL-LTER program. 

 
Perception of long-term change: How and why have lake districts changed, and how will they change 
in the future? 

• We found clear evidence that water levels in a small 21 ha lake situated near seven NTL 
study lakes in northern Wisconsin was 4.5 to 5 m lower than the modern level 8,000 
years ago using ground penetrating radar, changes in sediment composition, and pollen 
for sediment cores. Water levels began to rise around the time white pine became 
common in the surrounding forest. Water levels remained at least 4m below modern 
levels until 5,000 years ago before rising again, reaching the modern level only ~1300 
years ago. 

• We compared the temporal species abundance distributions of producers (phytoplankton) 
and consumers (fish) over a 17-year period Lake Mendota.  As expected, phytoplankton 
and fish species that appeared more frequently over time were generally more abundant 
than rare species. However, phytoplankton did not exhibit distinct groups of “core” 
(common occurrence and high abundance) versus “occasional” (rare occurrence and low 
abundance) species, as was observed for fish.  The phytoplankton community was 
dominated by species that appeared only once in the dataset but exhibited a large range in 
abundance.  We hypothesize that the life-history traits that enable phytoplankton to 
persist in highly dynamic environments and result in high species turnover may cause 
phytoplankton communities to be dominated by occasional species capable of reaching 
unexpectedly high abundances. 

• LTER researchers and graduate students partnered with scientists at the WI-DNR, USGS 
and NASA to simulate water temperature dynamics for thousands of individual 
Wisconsin lakes over the past 30 yrs. In addition to the automated scaling of gridded 
meteorological driver data, we integrated satellite estimates of water clarity and 
surrounding canopy heights in order to parameterize important lake-specific 
characteristics that influence lake physics. We found a large diversity in the patterns and 
controls on water temperatures, and are currently investigating the influence of lake 
thermal trends on Wisconsin fish populations. 

 
Climate forcing of change: What are the major ecological and social responses of lake districts to 
climate change? 

• We used high-throughput sequencing to characterize the microbiota amd microbiomes of 
Lake Mendota Cladophora-dominated periphyton communities. We found that this 
macroalga, commonly considered a nuisance, supports a diverse community of >100 



identifiable bacterial genera having surprising biogeochemical functions, such as methane 
oxidation. We have acquired a whole genome sequence for the cultured alga and are 
gathering metagenomic data for analysis of year-to-year climatic impacts on periphyton 
communities.  

• Global climate change could influence freshwater fish populations through drought and 
changes in lake level, in addition to other factors such as temperature or dissolved oxygen. 
A prolonged drought in northern Wisconsin allowed us to test for effects of lake level 
decline on coarse woody habitat (CWH), a critical fish habitat, and the response of fish 
populations to changing CWH availability. During our study (2001-2009), the lake level 
of the study lake declined over 1 m and >75% of the CWH was left above the water line. 
The loss of CWH coincided with a forage fish species (yellow perch) falling below 
detection and reduced growth of the top piscivore (largemouth bass). This study 
highlights the importance of lake level fluctuations as a mechanism by which climate 
change may affect aquatic ecosystems and species interactions. 

• To better understand how a changing climate affects seasonal evaporation from different 
sized lakes, a one dimensional lake model is used with historical data to simulate lake 
evaporation throughout the past 100 years. Results show that: (i) spring evaporation is 
increased due to increased air temperature; (ii) summer evaporation is decreasing due to 
higher vapor pressure and wind speed decreases; (iii) fall evaporation is decreasing due to 
lower wind speeds; and (iv) winter evaporation is significantly increasing due to 
temperature-induced decreases in ice cover duration.  

• Results form a one-dimensional temperature model under historical climate scenarios 
indicate earlier stratification onset, later fall overturn, warming epilimnetic water, and a 
cooling hypolimnion for NTL-LTER lakes in southern Wisconsin. Increasing air 
temperatures and decreasing wind speeds have a doubling effect on the longer 
stratification duration, with wind speed playing a dominant role in determining the 
stratification onset, stratification overturn, and the hypolimnetic water temperatures. 
Under future climate scenarios, temperature perturbations from -10°C to +10°C indicate 
that warmer air temperatures lead to earlier stratification onset and later fall overturn for 
lakes under all climate scenarios. When considering perturbations of wind speeds from -
30% to +30%, decreasing wind speeds lead to earlier stratification onset and later 
overturn.  

• Using DYRESM-I, with a newly added dissolved oxygen simulation component, we 
studied the effect of changing climate on oxythermal stress of a cisco population in Fish 
Lake. We investigated how the changing climate has impacted fish stress caused by high 
temperatures and low dissolved oxygen levels over the last 100 years. Three methods 
were developed to quantify and characterize fish stress in each year, and these methods 
applied under the future A1B climate scenario. Results indicate that under future 
scenarios, the frequency of fish stress and duration of stress increase dramatically.  

• We examined the variability in historical water yields as a function of climate at long-
term experimental catchments across Canada and the United States as part of a cross-site 
LTER working group. Alpine sites showed the greatest sensitivity to climate warming 
with any warming leading to increased water yields. Conifer forests included catchments 
with lowest elasticity and had stable to larger water yields. Deciduous forests included 
catchments with intermediate elasticity and had stable to smaller water yields. Mixed 
coniferous/deciduous forests included catchments with highest elasticity and had stable 



water yields. For all forest types, elasticity tended to converge with forest age.  Both 
forest type and age influenced the resilience of catchment water yields to climate 
warming, with young conifer and deciduous catchments more susceptible to climate 
warming than older mixed forest catchments. 

• Impacts of soil water dynamics on plants in shallow groundwater environments are not 
completely understood, partially due to the limited ability of current models to simulate 
groundwater – vegetation interactions. Thus, we analyzed the influence of groundwater-
induced soil temperature change on plant phenology and the impact of variable depth to 
the water table on the net primary productivity (NPP), evapotranspiration and stomatal 
response, by integrating an advanced dynamic agroecosystem model (Agro-IBIS) and a 
variably saturated soil water flow model (Hydrus-1D) into a single framework. Our 
results suggest that models capable of simulating groundwater – vegetation interactions, 
such as the one we have described here, are a significant step forward in capturing the 
interactions between groundwater depth, soil moisture, temperature, anoxia, and plant 
canopy microclimatic conditions in a mechanistic way. 
 

 
Interacting Drivers, Scales of Space and Time, and Regional Change: How do multiple interacting 
drivers affect regional change in lake districts at multiple scales? 

• We quantify the allochthonous organic carbon (OC) budgets for seven north temperate 
lakes, using diverse information about their land cover, hydrology, and limnological 
characteristics. We developed a simple equilibrium model within a Bayesian framework 
that exploits the differences among the lakes to estimate three key rates: aerial loading 
(AOC), wetland loading (WOC) from adjacent ecosystems, and whole-lake 
mineralization of OC (RDOC). Modeling results indicated that ecosystems immediately 
adjacent to lakes accounted for ½ or more of total OC loads for some lakes. Whether a 
lake processed and stored more allochthonous OC than it exported depended primarily on 
hydrologic residence time.  

• The Crystal Lake Mixing Project is in the second year of conducting a whole-lake 
thermal manipulation attempting to eradicate the cold-water invasive fish species rainbow 
smelt. We destratified Crystal Lake for a second consecutive year, forcing the entire 
rainbow smelt population into habitat beyond their reported thermal tolerance. Smelt 
exhibited similar behavioral responses as in the first year of mixing, including large die-
offs, and various other indicators of thermal stress.  

• We developed a spatially distributed model, High Resolution Mapping of 
EvapoTranspiration (HRMET), which can accurately predict evapotranspiration (ET) 
rates using only remotely sensed and meteorological data as inputs. Using HRMET, we 
mapped ET rates at 1 m2 resolution over a cornfield in the NTL Southern Lakes District 
on three dates during a recent drought to study corn response to water stress. We found 
that while magnitude of ET variability is primarily dependent on water availability, 
spatial patterns of variability are driven by static factors (e.g., microtopography, soil 
attributes) Using a paired-image technique, these ET patterns can then be used to assess 
field-scale sensitivity to drought and targeting management interventions. 

• Geographic information system-based models estimate that during the course of the 
crayfish removal experiment in a NTL-LTER study lake, approximately 75% of shallow 
cobble habitat in the lake was lost, due to drought-associated water level declines.  



Results from a REU experiment indicated that predation rates on crayfish by fishes were 
significantly higher in non-cobble habitats than cobble habits, which declined over the 
course of the removal experiment.  Therefore, water level changes and their effects on 
habitat availability may have contributed to the success of the experimental removal 
effort, which saw rusty crayfish densities decline by two orders of magnitude.   

• Daily loads of water and phosphorus to Lake Mendota are becoming more aggregated in 
extremely large events. Future climate simulations suggest that large precipitation events 
will become more common. Expanding area of impervious surfaces (roofs, asphalt, etc.) 
in the watershed may also exacerbate large runoff events. We constructed a novel 
stochastic model of load-frequency distributions fit to 18 years of daily P load data, and 
used this model to simulate future scenarios with increased numbers of high runoff days 
per year (see figure). Simply increasing numbers of high runoff days increases loads to 
the lake, and more extreme upper percentiles of the annual load distribution increase 
more steeply than the median. With only 20 additional high-load days per year, the load 
is projected to exceed the highest load ever recorded for one year out of 10 (i.e., the 90th 
percentile of expected load crosses the horizontal line for the highest load ever recorded). 
Increasing numbers of high-load days are therefore expected to increase annual P loads to 
Lake Mendota with adverse effects on water quality. 

• We are measuring the continuous exchange of carbon dioxide, water vapor, heat, and 
momentum off Lake Mendota with the eddy covariance technique. In the past year, we 
added under-ice measurement chains for dissolved oxygen and temperature, and also 
added continuous dissolved near surface pCO2 on two lakes for the summer. Results from 
these combined observations reveal significant patterns of under-ice decomposition and 
provide greater evidence of under-ice productivity in the period before ice out on the 
eutropic Lake Mendota. Further evidence reveals that patterns of lake CO2 emissions 
closely follow patterns of bacterial blooms on Lake Mendota. 

• We estimated average probabilities of events related to the dispersal of invasive Eurasian 
Watermilfoil (EWM) from boat inspection and lake user diary data collected over the last 
three years. Inspections at invaded lakes revealed uptake rates of EWM onto 
boats/trailers to be ~2.7%. Past research has suggested that approximately a third of plant 
material taken up by boats and trailers remains in place to arrive at the next lake. Trip 
frequency and location information collected by NTL during the 2011/2012 boating 
seasons suggests that ~11% of subsequent trips are directed to uninvaded lakes within the 
timeframe that EWM can survive out of water. Thus, ~0.1% of trips to an EWM invaded 
lake may lead to introduction of EWM into a new lake.  

• Bacterial communities were characterized for over 750 samples from 7 different humic 
bog lakes in the northern highlands lake district over 4 years. Rarefaction curves from 
each lake revealed that the bulk of microbial diversity within these lakes could be 
captured with approximately 25 samples taken throughout a year, but less abundant 
operational taxonomic units contributed to measurable differences in annual diversity. 
Overall diversity appeared to be driven by local environmental factors. The rate of 
change within bacterial communities was highest in the early summer when a nutrients 
and inorganic carbon concentrations declined in the water column. Mixing events also 
created abrupt periods with high rates of change, and these changes were largely 
biological responses as opposed to apparent changes due to physical mixing.  



• We synthesized bacterial community composition (BCC) data from north temperate lakes 
to evaluate our current understanding of how BCC varies across multiple scales in time 
and space. A hierarchy of average similarity emerged with the highest similarity found 
among samples collected within the same lake, especially within the same basin, 
followed by similarity among samples collected through time within the same lake, and 
finally similarity among samples collected from different lakes. Using decay of similarity 
across time and space, we identified equivalent temporal (1 day) and spatial (10 meters) 
scales of BCC variation. This synthesis of spatio-temporal variation of aquatic BCC 
should inform expectations for the response of aquatic bacterial communities to 
perturbation and environmental change.  

• We observed a high number of polymer biodegrading enzymes (PBEs) in bacterial 
populations from a dystrophic NTL bog lake, indicating complex dissolved organic 
carbon (DOC) composition and a higher need for enzymes that can breakdown polymeric 
substances. There was also evidence for enrichment in amino acid transport machinery 
and aromatic degradation enzymes in this lake, suggesting that humic DOC is providing a 
useable source of substrates through photodegradation. In Lake Mendota, a eutrophic 
NTL study lake, there were fewer overall DOC transporters per genome, but there was a 
higher proportion of sulfatase enzymes per PBEs. This higher proportion is consistent 
with the idea that the polymer sources in Lake Mendota are primarily of algal origin, and 
that the PBEs in this lake are targeting autochthonous carbon rather than allochthonous 
carbon. Consequently, we see evidence that carbon substrates of lakes could be 
influencing bacterial community genomic content. (Trina) 

• Members of the acI lineage of Actinobacteria are the most abundant microorganisms in 
most freshwater lakes. We obtained draft assemblies from 11 single cells representing 
three acI tribes (acI-A1, acI-A7, acI-B1) from four temperate lakes in the United States, 
including NTL core study lakes, and Europe. We show that acI members have unique 
traits that likely provide a competitive advantage when scavenging for carbon, nitrogen 
and phosphorus in freshwater habitats. The acI genomes contain actinorhodopsin as well 
as genes involved in carbon fixation, indicating an ability for some level of autotrophic 
existence, along with its known heterotrophic lifestyle. The acI lack genes for consuming 
carboxylic acids, which are a common source of carbon and energy in freshwater systems. 
The acI genomes indicate that acI may rely on organic nitrogen compounds for the bulk 
of its nitrogen, carbon and energy needs. In contrast, the acI genomes contain a high-
affinity phosphorus transporter, providing acI the ability to take up inorganic phosphorus 
in low phosphorus environments.  

• In a collaborative effort of K-12 students, teachers, and undergraduate college students 
studying stormwater ponds and urban streams, found independent effects of landscape 
position and land cover on species richness of songbirds, adult Odonate, and naiad 
species richness, but surprisingly these factors had no effect on zooplankton communities. 
Landscape position was also correlated with dissolved oxygen and turbidity levels. In 
contrast to stormwater ponds, interactions between landscape position and land cover-  
especially riparian vegetation- affected species richness and relative abundance of stream 
macroinvertebrates.  

• An NTL REU student investigated how sediment texture, organic matter content, and 
groundwater exchange affected metabolism of stream sediments in a northern Wisconsin 
catchment draining into a NTL primary study lake. We found that loose organic 



sediments (muck) were always associated with groundwater upwelling. Substantially 
higher respiration rates were observed in muck sediments than either peat or sandy areas, 
which suggests that decomposition is more rapid in sediments receiving constant 
groundwater discharge. Sediment organic matter was lower in muck compared to solid 
peat sediments, but much higher than in sand.  The resulting variation in sediment 
bioavailability and quantity supports the hypothesis that biological processes, rather than 
purely physical processes, dictate the unique cross-sectional and planform geometry of 
peatland stream channels. Further, these patterns can be used to explain previously 
documented reach and regional scale variability in stream greenhouse gas emissions.  

• We conducted a survey of 50 small (<1 ha) lakes in the Northern Highland Lake District 
and found that copepods in approximately 20% of these lakes have blue carapaces or 
appendages. In lakes where UV penetration is high, copepods can use a carotenoid bound 
with a protein to produce a blue pigment that both acts as a sunscreen and camouflage to 
visual predators. However, most blue copepods in this region are found in brown lakes 
where UV penetration is low, so the functional role of the blue pigment is unclear 

 
Ecosystem Services: Past, Present and Future: What are the magnitudes, interactions, and potential 
future flows of ecosystem services in lake districts? 

• In collaboration with United States Geological Survey, Wisconsin Department of Natural 
Resources, and Buffalo State University, we implemented a crowd-sourcing hydrology 
program to monitor lake levels in the Northern Highlands Lake District. Currently, water 
level gauges are installed on seven lakes with simple directions for the general public to 
text message the gauge number and current water level to a server that extracts the 
information and incorporates it into the NTL-LTER data repository. The general public 
has contributed multiple readings to this dataset and we plan on expanding the network to 
additional lakes in the following years.  Our long-term goal is to establish a network of 
citizen monitored lake levels in the region in order to augment NTL-LTER data about 
regional changes in lake water levels. 

• We have found that while boaters in the NHLD share a common concern regarding 
invasion by aquatic invasive species and natural habitat conservation, three distinct lake-
user groups exist within this population whose primary issues of concern differ 
considerably. These primary concerns stress declining fishing quality, pollution, and 
over-development along shorelines, while for each group AIS and habitat conservation 
consistently rate a distant second. Interestingly, the issue identified as most important by 
each group of boaters, was considered relatively unimportant by the other groups. These 
findings differentiated issues of general importance and identified potential areas of 
conflict that resource managers should be aware of when addressing issues of concern to 
boater in the region.   

• We identified synergies and tradeoffs among a set of 10 ecosystem services and 
described complex spatial distributions of these services, their spatial congruence, and 
their interactions for 2006 across the Yahara Watershed. Spatial patterns of supply for 
different ecosystem services often were not coincident. Ecosystem services related to 
water quality and quantity separated into three different groups, indicating that 
management to sustain freshwater services along with other ecosystem services will not 
be simple. The lack of spatial concordance among ecosystem services suggests the 
importance of managing over large areas to sustain multiple ecosystem services. 



• 33 years (1976-2008) of phosphorus load and water quality data were used to construct 
an empirical model for the four main lakes of the Yahara River chain. Management 
efforts in the watershed aim to meet individual P concentration goals for each lake, as 
well as a total maximum daily load (TMDL) requirement from the Yahara River to 
downstream ecosystems. The model shows that there are tradeoffs in attainable water 
quality between lakes used by different socio-economic groups, and for meeting lake 
water quality versus the TMDL. Moreover, current management plans fall short of most 
management goals. More aggressive management of nonpoint P pollution is needed to 
meet the multiple goals that exist for water quality in this lake chain.  


