
NTL MAJOR ACTIVITIES AND FINDINGS – 2010-2011 

 

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. 

  



Abundance distributions of native and invasive species in aquatic ecosystems 

A central goal of ecology is to characterize and explain patterns in species abundance.  A near 

universal observation is that species are rare in most locations and abundant in a few (e.g., 

Brown et al. 1995).  Invasive species (i.e., species that spread outside of their native range) are 

widely considered exceptions to this pattern, and have undesired economic/ecological impacts 

(Mack et al. 2000).  If invasive species tend to reach high densities where they occur, this would 

stand in marked contrast to the universally observed right-skewed abundance distributions of 

native species.   

We examined abundance distributions of 12 invasive species along with 100 native species of 

aquatic plants, invertebrates (crayfish, mussels, snails) and vertebrates (fish; Fig. 1; Hansen et al. 

in review).  Our analysis included a total of 23,619 density estimates (absences excluded) 

ranging from 20-1,252 records per species.  We fit a Weibull distribution to the density data for 

each species.  The Weibull is a flexible distribution described by two parameters, k (shape) and λ 

(scale). The shape parameter approximates the degree of right skew of a distribution.  The scale 

parameter describes the length and weight of the tail of the distribution and is an indicator of 

how frequently high values are observed.  

The abundance distributions of invasive species from a wide range of aquatic taxonomic groups 

were highly right-skewed, similar to those of their native counterparts (Fig. 2).  Contrary to 

conventional wisdom, invasive species occurred at low densities in most locations where they 

occurred.  While similar, invasive and native species distributions exhibited subtle differences. 

Invasive species distributions tended to be slightly more right-skewed and more long-tailed 

compared to those of native species, indicating that they are capable of reaching higher densities 

more often than their native counterparts, albeit rarely. 

Our results have far-reaching implications for the understanding and management of biological 

invasions.  We challenge the pervasive scientific and public perception that invasive species are 

highly abundant; in fact, even notorious invasives only rarely reach high densities.  The 

abundance of each invasive species examined here varied substantially among sites, and this 

variation likely translates to heterogeneity in ecological and economic impacts (Parker et al. 

1999).  By recognizing this heterogeneity in invasive species abundance, resource managers can 

more effectively target limited resources to the handful of locations where invasive species 

abundance and impact is high.  

We show that invasive species management would benefit from a more nuanced view than one 

in which invasive species are classified as “harmful” or not (Davis et al. 2011), and sites are 

classified as invaded (or invasible) or not.  Our results do not downplay the severity of the 

ecological and economic impacts of invasive species in certain locations.  Subtle differences 

exist among native and invasive species distributions, and invasive species appear to be abundant 

more frequently than their native counterparts.  We highlight the high degree of spatial 

heterogeneity in invasive species abundance and therefore impact, and the need to understand 

what drives this spatial variability.  The fact that we find highly right-skewed species abundance 

distributions where we would least expect them points to the universality of this general 

ecological pattern. 

  



Figure 1.  Distributions of 

abundances for each of the 112 

species used in this analysis.  

Axes scales are variable by 

species to accommodate different 

sample sizes and units of 

measurement.  Colors correspond 

to taxonomic groups, and the 

darker shades within each group 

represent invasive species.  

Red=crayfish, blue=North 

American fish, purple= Swedish 

fish, green=plants, yellow=snails, 

black=zebra mussels.  

 

 

 

 

Figure 2. Parameters of the Weibull distribution 

fit to species abundance data for native 

(colored) and invasive (black) species. To 

facilitate comparisons of the scale parameter (λ) 

among taxa sampled in different units, λ was 

standardized by subtracting the mean taxa-

specific LN(λ) from each species-specific LN(λ). 

Parameters are shown for (a-b) all species 

combined; (c-d) crayfish; (e-f) North American 

fish; (g-h) Swedish fish; (i) mussels; (j-k) plants; 

and (l-m) snails.  No native mussels were 

included in this analysis and therefore mussels 

were excluded from all comparisons of 

standardized λ; the two bars in (i) represent 

invasive zebra mussels (Dresseina polymorpha) 

from Europe and North America.  One species 

of native crayfish was excluded from (c) due to 

differences in sampling units.  Grey arrows 

show expected differences of invasive species. 

The k values of invasive species were marginally 

lower (Two-way ANOVA; F1,85=3.85, p=0.053) 

and λ values were marginally higher than those of native species after accounting for taxa-

specific differences (Two-way ANOVA; F1,83=5.98, p=0.017). 



Drawing Water: artists and scientists explore Northern lakes 

Artists and scientist joined forces in a year-long collaboration to explore ways to communicate 

the nature of long-term change in Wisconsin’s Northern Highland Lake District.  North 

Temperate Lakes is one of four sites (along with Bonanza Creek, Andrews, and Harvard Forest) 

participating in this pilot project intended to increase our understanding of long-term ecological 

change, including the changing role of humans 

and our interaction with the environment.  The 

“Drawing Water” project began with a two-day 

workshop involving NTL scientists and six 

invited artists (Fig. 1).  The workshop focused on 

how development, changes in the biota of the 

lakes, and climate have affected lakes and their 

surrounding landscapes; and on how people 

perceive and understand these changes.  The 

artists then were commissioned to produce works 

of art reflecting on these discussions. 

The resulting artwork was first exhibited at the Wisconsin Association of Lakes in April 2011.  

During an introductory plenary session lead PI Emily Stanley, poet John Bates, and pastel artist 

Terry Daulton spoke to the audience of over 200 scientists, lake managers, and lake association 

representatives.  Along with the plenary presentations, poetry from Bates was accompanied by 

artwork from Daulton, and four other visual artists in an opening exhibit, and artists and NTL 

scientists led a workshop intended to get participants “to think on the right side of their brain” 

and consider ways to use the arts 

to educate lakeshore residents 

and visitors about the critical 

issues facing northern Wisconsin 

lakes. 

Portions of the exhibit are 

reproduced at kiosks at six NTL 

core study lake’s boat landings 

and waysides frequented by the 

public (Fig. 2).  The “Drawing 

Water” display and workshop is 

currently on tour at several 

northern Wisconsin locations, 

including the Lac du Flambeau 

Woodland Indian Art Center, 

Presque Isle library, Campanile 

Center for the Arts, Crystal Lake 

Nature Center, and Trees for 

Tomorrow Educational Center, and is supported by a LTER-hosted web page and Facebook page 

(http://lter.limnology.wisc.edu/ltearts, http://www.facebook.com/pages/Drawing-

Water/200583439980163).  

 

Figure 1.  Artists and scientists exploring 

lakes (summer 2010). 

 

Figure 2. Wayside display for the Drawing water project 

posted at the North Trout Lake boat landing. 

http://lter.limnology.wisc.edu/ltearts
http://www.facebook.com/pages/Drawing-Water/200583439980163
http://www.facebook.com/pages/Drawing-Water/200583439980163


 

Figure 1. A) Aerial view of stream-wetland site 

morphology (North Creek, WI).  B) Ground view with 

surface transient storage (TS) and main channel 

(MC) zones delineated.  

 

 

 

Figure 2. Nitrogen uptake rate and hydrologic 

connectivity. α is the exchange rate between MC and 

TS zones (t
-1

),  is the proportion of median water 

travel time owing TS storage (unit-less). λ s:λ is the rate 

of TS uptake relative to MC uptake for a given site. 

Plotted letters are different study sites. 
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Nitrogen uptake and hydrologic connectivity in streams and flow-through wetlands 

Human alterations of nutrient cycles have jeopardized the status of many water bodies.  

Currently, there is a need to understand how individual water bodies- which range widely in 

shape, size, and hydrology- may contribute differentially to nutrient transport and transformation 

through river networks.  For example, wetlands can be important sites of nutrient cycling and 

organic matter settling, but the role of 

wetlands depends partly on internal 

hydrologic connections between nutrient 

sources and sinks.  We conducted a 

comparative study of stream and wetland 

nitrogen (N) cycling in northern 

Wisconsin to quantify possible 

differences in aquatic nitrogen uptake 

efficiency, and examine the influence of 

hydrologic connectivity on nitrogen 

uptake in these two distinct habitat types 

(Powers et al. in review).   

The morphology of stream-wetland 

study sites is shown in Fig.1. Our results 

emphasize lower nitrogen uptake 

efficiency in flow-through wetlands 

relative to streams during the growing 

season (May-August).  This surprising 

result is nonetheless explainable by the spatial differences in nitrogen uptake and nutrient supply 

within the ecosystem.  For example, there was a wide range in the nitrogen uptake rate of slack 

water (transient storage) zones relative main channel (MC) zones across both stream and flow-

through wetland systems (Fig. 2).  

Despite TS uptake variability, MC 

zones consistently accounted for the 

majority of NO3N uptake by the 

ecosystem.  Our results emphasize that 

aquatic nutrient retention is the 

outcome of a balance between: 1) 

ecosystem-level nutrient uptake rate 

and water velocity; 2) TS zone uptake 

rate and the strength of TS-MC 

hydrologic connection.  These tradeoffs 

restrict the influence of hydrologically 

disconnected habitat upon nutrient 

transport, and may apply to a wide 

range of ecosystem types and sizes. 



Lakeshore residential development and largemouth bass growth: a cross-lakes comparison 

As humans develop lake shorelines, several aspects of the terrestrial and aquatic habitats are 

altered, and these changes have potential effects that can ripple through aquatic food webs 

(Engel and Pederson 1998, Francis and Schindler 2009).  Modifications to habitat structures 

along with direct human impacts, such as increased angling effort with lakeshore residential 

development (NRC 1992), may drive changes in game fish ecology.  Indeed, altered foraging 

behavior (Francis and Schindler 2009), spawning behavior (Lawson et al. in press; Reed and 

Pereira 2009), and even fish growth (Schindler et al. 2000) of some game species have been 

associated with lakeshore residential development.  

In many areas of the United States, such as Wisconsin’s Northern Highland Lake District 

(NHLD), recreational fisheries are a pillar of local economies (Penaloza 1991, Peterson et al. 

2003).  Therefore, understanding if and how humans impact these important fisheries is critical. 

We performed a cross-lakes comparison investigating the relationship between largemouth bass 

(Micropterus salmoides) growth rate across both fish length and lakeshore residential 

development in the NHLD (Gaeta et al. 2011).  We determined growth from 473 individuals 

from 16 study lakes spanning the entire known regional gradient of lakeshore residential 

development (0-45.8 buildings·km
-1

).  Our analysis identified a significant relationship between 

largemouth bass size-specific growth rate and lakeshore residential development that varied 

across fish length (Fig. 1).  Specifically, growth rates of small sizes were strongly correlated with 

lakeshore residential development.  The strength of the correlation decreased with length and 

became increasingly negative for fish larger than 210 mm.  

Figure 1. The effect of building density on growth 

rate across the observed gradient of largemouth 

bass (Micropterus salmoides) length (mm).  A value 

above the zero line indicates a positive relationship 

between building density and growth rate; a value 

below the zero line indicates a negative relationship.  

Dotted lines are ± one standard deviation 

calculated from the covariance matrix of model 

parameters using standard error propagation 

formulae.  The building effect is interpreted as the 

average change in growth rate of fish of a given 

length if one building km
-1

 is added to the 

shoreline; units are ln(mm·year
-1

) per building·km
-1

.  

We cannot definitively determine the mechanism driving the relationship between growth and 

building density because this study was a cross-lakes comparison and not an experiment.  

However, the observed relationship is likely a function of a combination of release from density-

dependent growth, reduced macrophyte cover, and angling-induced selection pressures.  

Regardless of the mechanism, our findings indicate that a largemouth bass in a highly developed 

lake will take approximately 1.5 growing seasons longer to enter the fishery (356 mm) than 

individuals in undeveloped systems (Fig. 2). 



Figure 2. Model predicted growth trajectories for the 

average largemouth bass in lakes with no development 

and the average largemouth bass in a lake with high 

development (45.8 buildings km-1).  Simulations were 

initiated at the mean observed length at age 1 in the 

three lowest and highest developed lakes, 80.0 and 99.7 

mm respectively. Gray dotted line shows the legal 

length limit in the NHLD, 356 mm (14 inches). 

 

 

 

 

Drivers of gas flux from temperate lakes: Partitioning the energetic contributions of wind 

and convection in 42 lakes 

Estimating the flux of carbon dioxide (CO2) 

from lakes is important for understanding the 

role of these ecosystems in regional and global 

carbon budgets.  The efflux of partially soluble 

gasses such as CO2 is controlled by near-surface 

turbulence.  Lakes receive turbulent inputs 

across the air-water interface via two primary 

mechanisms: wind shear and negative buoyancy 

flux (convective cooling).  We examined the 

relative importance of wind and convection in 

42 temperate lakes from multiple countries that 

covered gradients in latitude, size, and water 

clarity.  Wisconsin lakes in the analysis included 

seven North Temperate Lakes Long-Term 

Ecological Research lakes (Mendota: ME, 

Trout: TR, Wingra: WG, Sparkling: SP, Crystal: 

CR, Trout Bog: TB, Crystal Bog: CB) and 4 other 

bog lakes in northern Wisconsin (Mouser Bog: 

MB, North Sparkling Bog: NSB, Jekl Bog: JB, 

Timber Bog: TB). 

We calculated the gas transfer velocity (k600) 

and the turbulent velocity scales for wind (u*) 

and convection (w*) using high-resolution measurements of wind speed, water temperature, and 

meteorological drivers, as well as lake-specific properties like morphometry and the diffuse 

attenuation coefficient.  The final dataset exceeded 20 million measurements in total.  We found 

k600 estimates for small and medium sized lakes to be confined between 2 and 3 cm hr
-1

, the 

magnitude of which was not strongly related to wind speed.  This result counters conventional 

Figure 1. The ratio of u* (wind friction 

velocity) to w* (convective velocity) is 

shown for 42 instrumented lakes varying in 

size.  Marker colors are related to regional 

groupings (NTL-LTER lakes are blue 

circles with white center). Marker text is 

an abbreviation for each lake. 



wisdom that wind is the major driver of gas exchange in lakes.  We then compared the daytime 

u* with the nighttime w* and found convection to be of increasing importance as lakes decreased 

in size (Fig. 1) potentially explaining why efflux during low wind conditions is often unrelated to 

wind speed.  In lake-rich regions such as Wisconsin’s Northern Highlands, aquatic environments 

play a major role in the regional C budget (Buffam et al. 2011), and small lakes are numerically 

dominant and have highest aerial rates of gas flux (Hanson et al. 2004).  Recognizing the role of 

convection in driving gas exchange in these smaller lakes is thus critical for generating accurate 

estimates of aquatic C fluxes and improving the accuracy of the regional carbon balance.  

 

 

Genetic diversity of cyanobacteria in four eutrophic lakes 

Recent studies report large genetic diversity among cultured cyanobacteria within and between 

aquatic environments.  This genetic diversity is not represented well by traditional morphological 

microscopic identifications of cyanobacteria.  To date, the majority of information on genetic 

diversity of cyanobacteria in lakes is based on analyses of cultured cyanobacteria.  Yet, it is 

widely known that culture collections rarely reflect true microbial diversity.  To our knowledge 

no studies have used genetic, culture-independent methods to compare the diversity of 

cyanobacteria across multiple eutrophic, inland lakes where these organisms thrive.  

We explore the genetic diversity of cyanobacteria in four eutrophic NTL core study lakes (Lakes 

Mendota, Monona, Kegonsa, and Wingra) using a culture-independent genetic method (Miller 

and McMahon 2011).  The goals of this study were to 1) describe the phylogeny of 

cyanobacteria in each lake, and 2) examine genotype richness and evenness as the determinants 

of cyanobacterial diversity.  Depth-integrated water samples representing the area of the water 

column receiving photosynthetically active radiation were taken weekly (May-October 2010) 

from three locations in each lake.  Total DNA was extracted from samples and DNA was pooled 

by lake.  Thus, pooled samples represent the community supported by each lake at three spatially 

separated locations throughout the open-water season.  This removes within-lake and temporal 

variability focusing on between-lake variability.  As a genetic marker, the alpha and beta 

phycobili protein genes with intergenic spacer (PC-IGS) were recovered from the pooled 

samples by PCR, cloning, and DNA sequencing.  A phylogenetic analysis of the PC-IGS 

sequences was conducted to compare the diversity of the major cyanobacteria genera supported 

by the four lakes.   

The PC-IGS sequences recovered were affiliated with those from Nostocales and Chroococcales, 

which could be subdivided into five major genera including Microcystis, Aphanizomenon, 

Anabaena, Chroococcus and Cylindrospermopsis.  These were then further subdivided into PC-

IGS genotypes based on their occurrence in maximum likelihood phylogenetic trees (Fig. 1, left 

cladogram).  The resulting PC-IGS genotypes differed by >2% sequence identity.  This study 

provides the first genetic evidence for the presence of the tropical/sub-tropical invasive 

cyanobacterium, Cylindrospermopsis raciborskii in Wisconsin waters.  In all lakes, Microcystis 

was the most abundant closely followed by Aphanizomenon.  Of 24 unique genotypes, only three 

were shared across all lakes, while few were exclusive to a single lake (Fig. 1).  Overall genetic 

structure was similar across lakes (Unifrac P>0.06), but in a cluster analysis the Lake Wingra 



population was clearly separated from that of the other three lakes.  Lorenze Curves and Gini 

coefficients, which quantify dispersion from perfect population evenness, indicated that the Lake 

Wingra population was slightly uneven (G=0.5), while other lakes supported relatively even 

population structures (G<0.5).  This suggests that, in general, these lakes do not support a 

dominant genotype.  Analysis of molecular variance (AMOVA) indicated that there was 

significant genetic variation among all genotypes (φ=0.06, p<0.001) and 94% of the variability 

occurred within lakes rather than between lakes (6%).  Overall, results from this study revealed 

that most of the cyanobacterial diversity observed across lakes was due to temporal and within-

lake spatial heterogeneity.  

 

Figure 1.  The relative abundance of cyanobacteral genotypes in each lake and a cladogram 

(left) based on maximum likelihood analysis showing phylogenetic relationships among 

genotypes (Mcy = Microcystis, Aph = Aphanizomenon, Chr = Chroococcus, Cyl = 

Cylindrospermospis, Ana = Anabaena).  The top cladogram shows clustering of genotype 

composition among lakes based on Unifrac distance weighted by genotype relative abundance. 

Confidence in clustering is given by Jacknife repetitions out of 100. ND = not detected. 

  



Research Summaries 2010-2011 

 

1. Even though dissolved organic carbon (DOC) is a key modulator of many ecological 

processes in aquatic systems, little attention has been given to how land use and 

management activities affect its dynamics.  A synthesis of recent publications on 

agriculturally-influenced streams (Stanley et al. 2011) revealed that DOC pools in these 

systems are becoming more labile and now often contain low concentrations of synthetic 

organic compounds (e.g., pesticides, antibiotics).  Awareness of these changes is 

extremely limited, and management and restoration activities rarely include organic 

carbon as a priority target.  

 

2. Phosphorus (P) inputs and summer water quality data for Lakes Mendota were compiled 

for November 1975 through October 2008.  P loads to the lake have varied by roughly 

five-fold and are closely related to patterns of precipitation and snowmelt.  An empirical 

Bayes model was used to estimate the probability distributions for water quality of Lake 

Mendota as a function of P loading.  These probability distributions provide managers 

with forecasts of improvements that can be expected from mitigation of phosphorus loads 

to the lake.  

 

3. Terrestrial inputs of dissolved organic carbon (DOC) to lakes can be stored, mineralized 

or passed to downstream ecosystems.  However, the relative roles of these processes are 

not well quantified due to the complex nature of lakes and challenges of scaling DOC 

degradation experiments to the whole lake scale.  To address these challenges, we used a 

coupled hydrodynamic-water quality model to simulate broad ranges of lake and DOC 

characteristics (Hanson et al. 2011).  Model results indicated that the fate of 

allochthonous DOC was controlled primarily by mineralization rate and hydrologic 

residence time.  Lakes with residence times <1 year exported ca. 60% of the DOC, 

whereas lakes with residence times >6 years mineralized ca. 60% of the DOC.  These 

results also suggest that DOC fate in lakes can be determined with a few easily measured 

factors (lake morphometry, residence time, temperature, and DOC characteristics). 

 

4. We estimated how recent nutrient management programs and legislation have affected 

Lake Mendota watershed phosphorus (P) stocks by comparing the 2007 budget to a 

budget calculated prior to implementation of these programs (1995).  Since 1995, 

watershed inputs have decreased by 35% and accumulation rates have decreased by 51%. 

These changes were attributed primarily to enhanced agricultural nutrient management, 

reduction in dairy cattle feed supplements, and an urban P fertilizer ban.  In the future, 

elimination of chemical P fertilizer input has greatest potential to reduce watershed P 

accumulation and establishment of riparian buffers has the greatest potential to prevent P 

loading to Lake Mendota (Kara et al. in press).  

 

5. While lakes do not appear to alter baseflow dissolved organic/inorganic carbon 

(DOC/DIC) concentrations of streams (Lottig 2009), they may have an influence on the 

timing and magnitude of carbon pulses following events such as snowmelt or storms.  We 

quantified DOC/DIC concentrations and fluxes over two years in streams with and 

without upstream lakes.  In streams without upstream lakes, strong relationships were 



observed with discharge and DOC (+) or DIC (-) concentrations (r
2
 often > 0.9).  

However, given that no relationship was observed at lake outlets, lakes appear to dampen 

temporal variability.  On the other hand, preliminary results also revealed that discharge/ 

concentration relationships are reestablished quickly downstream from lakes, indicating 

that lake affects may be spatially limited. 

 

6. Since the 2009 discovery of the invasive spiny water flea (Bythotrephes longimanus) in 

Lake Mendota, B. longimanus has maintained peak densities greater than 150 ind m
-3

.  

This predatory zooplankter appears to have adversely impacted native zooplankton 

species including Daphnia pulicaria, which plays an integral role in controlling algal 

abundance.  For the first time in the history of NTL-LTER, D. pulicaria population 

densities dropped below detection levels, concomitant with the lowest water clarity in 15 

years.   preliminary results indicate that this newly-arrived invasive species may have 

important implications for water quality in the Madison lakes.  

 

7. Invasive rainbow smelt (Osmerus mordax) have extirpated cisco populations, inhibited 

walleye recruitment, and reduced perch populations.  Although rainbow smelt are 

eurythermal, adults are cold-water fishes.  We therefore proposed whole-lake thermal 

manipulation to eliminate adult smelt thermal refuges as a management strategy to 

extirpate the species (Gaeta et al. in review).  We evaluated this strategy by combining 

empirically based hydrodynamic and bioenergetics models to predict the impact of the 

manipulation on smelt growth.  Model results indicate that adult smelt (age 2+) and 

yearling smelt (age 1) will surpass the lethal weight loss threshold losing 67% and 76% 

of their body weight, respectively, following lake mixing.  However, young-of-the-year 

(age 0) smelt, which prefer warm temperatures, will not be impacted.  Therefore, the 

manipulation would need to be repeated for consecutive years to completely extirpate a 

smelt population. 

 

8. A random survey of lakes in the Northern Highland Lake District (NHLD) indicated high 

densities of several aquatic invasive species (AIS).  23 of 35 surveyed lakes had at least 

one population of AIS.  Chinese mystery snails (Bellamya chinensis; 17 lakes) were the 

most common followed by rusty crayfish (Orconectes rusticus; 12 lakes), banded 

mystery snails (Viviparus georgianus; 9 lakes), and Eurasion watermilfoil (Myriophyllum 

spicatum; 3 lakes).  Curly-leaf pondweed (Potamogeton crispus), spiny waterflea 

(Bythotrephes longimanus), and zebra mussel (Dreissena polymorpha) were not found at 

all.  Our results indicated that AIS occurrence is much higher in the NHLD than the 

Wisconsin DNR statewide estimates.  

 

9. NTL-LTER researchers have shifted Sparkling Lake, which was dominated by invasive 

rusty crayfish (Orconectes rusticus), to an alternate state where native fishes now control 

crayfish densities (Hansen et al. in review).  Over the course of the study, we removed 

~95,000 rusty crayfish with traps and increased crayfish predators by altering fishing 

regulations.  These actions resulted in a two order of magnitude decline in the rusty 

crayfish population, and no increase has been observed since trapping was discontinued 

(2008).  We have also seen increases in native crayfish, macrophytes, and Lepomis spp. 

(sunfish) densities.  Snails and mollusks increased in density in response to the crayfish 



removal, while other invertebrate taxa declined as a result of fish shifting their diet 

composition to feed on (non-crayfish) zoobenthos, highlighting the complex food web 

interactions in this system. 

 

10. Analyses of NTL-LTER phytoplankton samples from Crystal and Sparkling lakes over a 

ten-year period (1984-1993) suggest that the landscape position of a lake determines the 

magnitude of influence of droughts on the spring phytoplankton community.  In 

Sparkling lake, which occupies an intermediate landscape position, early spring 

Chrysophyta abundances decreased ~20% during a 4-year drought and did not return to 

pre-drought levels in the 3 years following the drought.  In contrast, Chrysophyta 

populations in Crystal Lake (located high in the landscape), although variable, were not 

as strongly influenced by this drought cycle. We are currently exploring if this pattern 

holds in additional lakes and at longer time scales using a 100-year historical drought 

record and fossilized photosynthetic marker pigment concentrations from 
210

Pb-dated 

sediment cores. 

 

11. USGS/WEBB and NTL-LTER scientists continue to collaborate on quantifying the 

hydrologic dynamics of the Trout Lake watershed.  Wisconsin Climate Change Impacts 

(WICCI) data were used in a coupled groundwater/surface-water model (GSFLOW) to 

generate hydrologic projections of possible future climates.  Model results indicate that 

some climate scenarios have the potential to change Crystal Lake from a perched, 

precipitation dominated lake to one dominated by groundwater inputs.  Such a 

fundamental hydrologic shift would have far-reaching consequences for ecosystem 

dynamics of this core study lake. 

 

12. Climate variables can affect the success of invasive species via multiple pathways.  For 

example, recent water level declines in many north temperate lakes have resulted in 

reductions in available habitat for invasive rusty crayfish (Orconectes rusticus).  We 

conducted a stage-structured time series analysis of LTER data from Sparkling and Trout 

lakes to estimate the effects of water level on invasive crayfish populations.  We found 

that water level and crayfish predators interact to affect invasive crayfish populations; 

when water levels are low and predator populations are high, rusty crayfish populations 

decline.  Thus, low water episodes may be effective periods of time to leverage 

management activities and reduce invasive crayfish populations. 

 

13. Often, extreme events, more than changes in mean conditions, have the greatest impact 

on the environment and human well-being.  We examined changes in the occurrence of 

extremes in the timing of the annual formation and disappearance of lake ice in the 

Northern Hemisphere (Benson et al. in press).  Long-term ice phenology data covering 

two periods 1855-2004 and 1905-2004 for a total of 75 lakes were used to evaluate the 

roles of changes in mean condition and variability.  Ranges of rates of change (days per 

decade) among time periods were 0.2-1.6 later (freeze), 0.5-1.9 earlier (breakup), and 

0.6-4.3 shorter (duration).  We found that the significant increases in the frequency of 

extreme lake ice events were primarily the result of changes in the mean ice dates rather 

than changes in extremes over the recent 100 and 150 years. 

 



14. Over the past several years, we have been collecting high-frequency water level and 

temperature data for Sparkling Lake.  The year-round measurements are made at 20-

minute intervals and are providing important information on hourly, daily, seasonal, and 

interannual variations in lake level.  Water temperatures are currently increasing faster 

than air temperatures in this region and the increase can largely be attributed to long-term 

increases in solar radiation.  This is a collaborative project with the University of 

Nebraska-Lincoln and will be continued well into the future to monitor long-term climate 

and atmospheric variability and lake change.  

 

15. A new survey was initiated in 2011 focusing on quantifying boater movement within the 

Northern Highlands Lake District (NHLD).  We have been intercepting and interviewing 

boaters at 136 lakes in Vilas and Oneida counties, and recruiting participants to complete 

logbook entries for all boating trips taken throughout the remainder of the season.  To 

date, more than 1600 boaters have participated in this study.  The data collected will be 

combined with survey data on the distribution of aquatic invasive species in the region 

and used to model the spatial and temporal movement of boats to help forecast future 

spread of aquatic invasive species in the NHLD. 

 

16. NTL recently started implementing the Open Source Data Turbine (OSDT) server for 

streaming sensor data management. OSDT is considered 'middleware' (i.e., it is being 

deployed between the sensors in the field and the final storage in a database).  Many 

different sensor streams are synchronized and can be accessed in real time for monitoring 

of system health and web display of environmental conditions.  Currently, OSDT is 

successfully used within the basic management system; however, new developments will 

add movable, quickly deployable sensor platforms for monitoring ongoing experiments. 

 

17. NTL researchers collaborated with Wisconsin Department of Natural Resources partners 

to examine the relative role of environmental, spatial, and land-use patterns in structuring 

aquatic macrophyte communities.  We used data from 225 Wisconsin lakes to explain 

aquatic plant distribution and abundance (Mikulyuk et al. in press).  Using a variation-

partitioning framework in conjunction with Moran Eigenvector Maps we found that 

environmental, spatial, and land-use factors explained 31% of total variation in aquatic 

macrophyte assemblages.  A large amount of shared variation among predictor variables 

suggests causal relationships are complex and emphasizes the importance of considering 

space and land-use in addition to environmental factors when characterizing macrophyte 

assemblages.  

 

18. NTL post-doc Sapna Sharma participated in an LTER cross-site workshop examining 

abrupt transitions in ecological systems.  We developed a rubric to understand ecological 

thresholds and linked it to underlying biological mechanisms in four different LTER 

sites: 1. black grama production in a New Mexican desert; 2. penguin abundances in 

Antarctica; 3. marine zooplankton off the coast of California; and 4. abundance of sea 

cucumbers in southern California.  We found that the utility of leading indicators is often 

limited and can depend on the abruptness of a transition relative to the lifespan of 

responsive organisms and observation intervals (Bestelmeyer et al. in review).  

 



19. NTL-LTER researchers completed development of a one dimensional lake-ice model 

(DYRESM-I) to investigate how long-term changes in air temperature, wind speed, and 

water clarity have affected ice cover and thermal structure of Lake Mendota during the 

last century (Hsieh et al. in review).  Ice cover on Lake Mendota has been developing 

later (7.4 days), breaking up earlier (13.1 days), decreasing in duration (20.7 days), and 

decreasing in thickness (13.6 cm).  Model results also show that thermal stratification is 

developing earlier (10.0 days), breaking down later (10.3 days), and lasting longer (20.9 

days) over the 100-yr period. 

 

20. We have initiated a study to project future demographic trends for populations vulnerable 

to change using watershed-specific climate and land use scenarios to 2050.  Population 

and climate models are linked at temporal (5-40 year forecasts) and spatial scales 

(county-level) meaningful for responses to impacts of climate change on local 

populations for three strongly contrasting WI counties, Vilas in the Northern Highland 

Lake District, Dane in the agricultural south, and the highly urbanize Milwaukee on the 

edge of lake Michigan.  Distinct social and biophysical conditions in each county 

highlight strongly diverging trajectories of environmental and demographic change that 

are expected to unfold in the next 50 years. 

 

21. Lakeshore residential development is associated with reductions in critical fish habitat in 

the littoral zone such as coarse woody habitat (CWH).  We performed a cross-lakes 

snorkel survey of largemouth bass (Micropterus salmoides) nesting behavior and found 

largemouth bass exhibit a strong affinity toward CWH (Lawson et al. in press).  However, 

when CWH is at low densities largemouth bass use smaller pieces of wood and twigs in 

nest construction or move to deeper depths to incorporate CWH into their nests.  

Furthermore, docks do not act as a surrogate for CWH in largemouth bass nest 

construction. 

 

22. Lakeshore residential development (LRD) reduces coarse woody habitat (CWH) in lakes 

and has adverse effects on fish growth and reproduction.  We determined whether these 

deleterious consequences could be reversed by adding CWH to a lake and comparing fish 

populations in the treatment and reference basins for the ensuing two years (Sass et al. 

2011).  Specifically, we tested for changes in the population dynamics (densities, size-

structure, growth) and behavior (diet, habitat use) of bluegill (Lepomis macrochirus) and 

largemouth bass (Micropterus salmoides).  While behavior changed (e.g., increased use 

of CWH), CWH addition had no discernible effect on fish population dynamics.  Our 

study shows that negative impacts on fish populations through CWH reductions cannot 

be reversed in the short-term by adding CWH. T hese findings suggest that regulations 

governing the LRD process should be protective of CWH. 

 

23. NTL-LTER microbial scientists are continuing to study bacterial dynamics of core study 

lakes.  Currently, four years of cyanobacterial DNA fingerprints and high frequency buoy 

measurements from Lake Mendota are being used to develop early predictors of 

cyanobacterial blooms.  Contrary to prevailing theory, these studies suggests that 

nitrogen limitation can play an important role in determining the succession of 

cyanobacterial species (Newton and McMahon 2011).  Additionally, 11 years of bacterial 



community DNA is being used in an effort to link predictions from a computational 

coupled hydrodynamic-ecosystem process model to bacterial community dynamics.  We 

are working with several collaborators from institutions such as the Argonne National 

Lab to conduct genomic sequencing of bacterial communities in some NTL-LTER lakes 

(Ghai et al. in press). 
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