
Low-Cost Turbidity Sensors as a Method for Watershed Monitoring
Study Objectives

1. Evaluate a low-cost turbidity system (~ $150)

2. Evaluate the utility of such a system as a watershed monitoring network

DF Robot 

Turbidity Probe

EnviroDIY Mayfly 

Datalogger v0.5b

Low-cost Probe Field Deployments

Assembled turbidity probe

• At Plum Creek watershed monitoring stations

With Campbell OBS 501 and Logger, and ISCO autosampler

Two Edge-of-Field, West Plum Creek, HOV Wetland Outlet

• Low-cost stations 

DF Robot turbidity sensors and EnviroDIY Mayfly dataloggers

Programmed using Arduino IDE with 5 minute sample intervals

Three stations deployed on UW Green Bay campus

Three stations deployed in Wequiock Creek watershed

Source: 

https://www.envirodiy.org/mayfly/

UW Green Bay 

Heirloom Grant

• Successfully developed, tested, and 

deployed a monitoring system based on 

a low-cost appliance turbidity sensor

• Sensitive over a wide range of SSC

• Deployed system was responsive to real 

world runoff sediment dynamics and 

comparable to expensive, commercial 

sensor

Conclusions

Future Work

• Deploy in a larger area, covering an entire 

watershed

• Resolve issues with fouling (clean 

1x/week)

• Create a larger dataset of low-cost 

turbidity response vs grab samples (TSS 

and TP)

• Real-time connectivity

High-cost, 

commercial 

grade turbidity 

probe

Source: 

Campbell 

Scientific 

OBS501 

Operator’s 

Manual

Example of Data from Plum Edge-of-Field Site
By Andrew Schmitz

Dr. Kevin Fermanich, 

Paul Baumgart, & Dr. 

Michael Zorn

https://www.envirodiy.org/mayfly/
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Size Structure and Sex Ratio

• Adult northern pike were 
monitored during spring migration 
using a weir-based system 
established at the entrance to the 
focal wetland 

• 1,129 total northern pike were 
tagged with FLOY tags over 6 years 
of monitoring (2014-2019)

• Summary data and interannual 
variation of size structure, sex 
ratios, and recapture were analyzed 
using R software

• Northern Pike (Esox lucius) are a staple recreational 
sportfish endemic to the waters of Green Bay, and in 
the early spring, adults migrate and spawn in seasonally-
flooded wetlands.

• Many western shore wetlands have been restored to 
facilitate these spawning events (Fig 1). 

• Size structure, sex ratios, and recapture data are all 
tools used to determine population dynamics of pike 
using the wetland

• Summarize and describe the interannual variation of 
northern pike size structure, sex ratios, and recapture to 

a restored coastal wetland

Restoring wetlands in Green Bay for apex predator: Esox lucius
Claire Stuart, Rachel Van Dam, Amelia McReynolds, and Patrick Forsythe

Department of Natural and Applied Sciences, University of Wisconsin-Green Bay, Green Bay, WI 54311

Figure 5 – Length distributions of each year of spawning pike. Females were significantly larger than 
males each year, although overall abundance and sex ratios varied. Notably, 2018 showed a shortage of 
spawning pike, with 27 females and 54 males. 

• Sex ratio (M:F) varied across years, with no directional trend, ranging from 6.25:1 in
2015 to 1:3 in 2019 (Fig 3).

• Average fish length for both sexes differs between years, with variable differences
between sexes between years (ANOVA p<0.05) (Fig 5).

• Male pike are significantly shorter than females across all years (ANOVA, p<0.05).

Recaptures and Summary

Figure 3 – Sex percentages across years. 

Figure 1- Location of the 
Malchow wetland in 
Deadhorse Bay, on the western 
shore of Green Bay. Below, the 
path of pike migration into the 
wetland through an agricultural 
ditch (0.69 km)

Figure 2 – Malchow
wetland restoration 
progress (restored in 
2008)

Figure 4 – Students collect pike from fyke
nets and collect biological data. 

Figure 6 – Previous 
student Madison 
Quammie in 
foreground showing 
off a large pike 
during 2019 
monitoring effort

Figure 8 – Diagram depicting the factors with lingering uncertainty 
involved in wetland restoration for northern pike. Adult northern 

pike represents what this research contributes to continued 
management

 Sex ratios and size structures varied between sex and 
between years, although the restored wetland was utilized 
each year for spawning

 Variation of recruitment may be due to variable migratory 
environmental cues or year class strengths.

Figure 7 – Each year’s total count of captured pike tagged in a 
previous year. 
Year Sex n Mean 

length 
(mm)

Peak 
Arrival 
(Julian)

High 
temp 
(˚C)

Low 
temp 
(˚C)

High 
water 
depth 
(m)

Low 
water 
depth 
(m)

2014 M 88 526 101 19.73 3.71 1.16 0.88
F 85 739 98

2015 M 306 412 82 20.33 2.16 0.54 0.08
F 48 673 88

2016 M 214 506 75 15.63 0.64 NA NA
F 114 665 75

2017 M 56 544 88 15.09 1.29 1.09 1.05
F 100 685 89

2018 M 54 591 114 18.41 0.25 1.03 0.62
F 27 715 114

2019 M 38 589 94 14.38 0.38 2.91 2.08
F 116 704 93

Unknown 31 686 -
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SHORT- AND LONGER-TERM EFFECTS OF SEDIMENT DREDGING ON AND RECOVERY OF BENTHIC 

MACROINVERTEBRATES IN THE LOWER FOX RIVER, GREEN, BAY, WI, USA FROM 2013-2017
Danielle Matuszak ¹, Carrie Kissman ²

¹ Environmental Science, Saint Norbert College, De Pere, Wisconsin

² Biology and Environmental Science, Saint Norbert College, De Pere, Wisconsin
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Conclusions: 

• Our hypothesis was supported; our prediction was semi 

supported; there was an initial decrease in abundances the first 

year post dredging and a slight increase in abundance 2-4 

years post dredging. 

• Dredging has short-term detrimental effects to the ecosystem, 

seen in lowered MIV abundance due to removal of sediment¹.

• Previous studies indicate lack of long-term dredging recovery 

data²; our study shows that long-term recovery may be 

possible.

Future Directions: 

• Continued monitoring of the Fox River will be needed.

• Analysis of abiotic samples may lend more insight to dredging 

effects on aquatic ecosystems and the effectiveness of 

dredging to remediate PCB pollution in the Fox River. 

• Study Sites: Site 1 at Voyageur Park; Site 2 at Brown 
County Fair Ground Public Boat Launch; Site 3 at 
Fox Point Boat Launch; Brown County, Wisconsin, 
USA (Figure 1).

• Dredging: Site 1 & Site 2 (2013), Site 3 (2013-2014)
• Post Dredging: Site 1 & 2 (2014-2017), Site 3 (2015-

2017).
• Measured: Dissolved oxygen, pH, conductivity, 

secchi, CHL-a, macroinvertebrates, three times yearly 
from late May to late August.

• Statistical Analyses: One-way ANOVA, Pairwise 
Comparison, Tukey’s Honest Significant Difference 
test,

Objective: Assessing the effects of dredging on the 

biodiversity of benthic macroinvertebrate (MIV) 

communities can inform us about how effective dredging 

is as a form of remediation. Our study examined the 

effect of the disturbances from dredging of PCB 

(polychlorinated biphenyl) contaminated sediment on 

the MIV community and their recovery in the Lower Fox 

River, Brown County, WI.

Hypothesis: We hypothesize that disturbances from 

dredging will have a negative effect on the benthic 

community of the river. We predict that dredging has a 

negative effect on the recovery of the Fox River in short-

term and longer-term scales. 

1. Romagnoli, Robert, et al. “An evaluation of environmental dredging for remediation of 

contaminated sediment” ASCE Library.org (2003).

2. Gustavson, Karl, et al. “Evaluating the Effectiveness of Contaminated-Sediment dredging” 

Environmental Science & Technology : American Chemical Society (2008).

• Total Abundance of MIVs:  Lower total abundance 

in the year directly post dredging at Site 1 (p < 0.001) 

& Site 2 (p = 0.038); Figure 2.

• Abundance of Chironomidae: Lower abundance in 

year directly post dredging in Site 1 (p = 0.003); 

Figure 3 & Site 2 (p ≤ 0.001); Figure 4.  

• Abundance of Physidae: Lower abundance in the 

year directly post dredging in Site 1 (p ≤ 0.049); 

Figure 3 & Site 2 (p ≤ 0.003); Figure 4.

• Abundance of Dreisseniidae: Lower abundance in 

year directly post dredging at Site 1 (p ≤ 0.007); 

Figure 3.

• Abundance of Oligochaeta: Lower abundance in 

year directly post dredging at Site 2 (p ≤ 0.003); 

Figure 4. 

Figure 1: Map of Lower Fox River study sites 1-3; Site 1 at 

Voyageur Park; Site 2 at Brown County Fair Ground Public Boat 

Launch; Site 3 at Fox Point Boat Launch.

Figure 2: Total abundance of MIVs at sites 1-3 from years 2013-

2014. Year 2014 was significantly different than 2013 at Site 1 and 

Site 1.

Figure 3: Abundance of Chironomidae, Physidae, & 

Driesseniidae at Site 1 (Voyager Park) from 2013-2017. 

RESULTS CONTINUED

Figure 4: Abundance of Chironomidae, Physidae, & Oligiochaeta at Site 2 (Brown 

County Fair Ground Public Boat Launch) from 2013-2017.
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Reducing algal blooms in Dream Lake, WI: algal, zooplankton, and macroinvertebrate seasonal 

dynamics indicate response to food web manipulation 

K. Haen1; E. Socha2; S. Lamichhane1; M. Young1; D. Matuszak2; T.J. Butts1,2; D.K. Heimerl1; C. Brennan1; K. Kniech1; J.R. Hodgson1,2; C.E.H. Kissman1,2

1BIOLOGY, ST. NORBERT COLLEGE, DE PERE, WI

2ENVIRONMENTAL SCIENCE, ST. NORBERT COLLEGE, DE PERE, WI 

Objective: We implemented a three year top-down 

trophic cascade by adding piscivores; i.e. largemouth 

bass (Micropterus salmoides) and a bottom-up reduction 

of fertilizer inputs approach to reduce algal blooms in 

Dream Lake, Hobart, WI1,2.

Hypothesis: Ending top-down and bottom-up 

techniques decrease water quality.

1Carpenter, S.R., J.F. Kitchell and J.R. Hodgson. 1985. Cascading trophic 

Interactions and lake productivity. Bioscience 35(10): 634-639.
2Schindler, D.W. 2006. Recent advances in the understanding and management of 

eutrophication. Limnology and Oceanography, 51(1, part 2): 356-363.

During-manipulation: 200 largemouth bass fingerlings 

(~10cm TL) added October per year from 2012 - 2014; 

lawn fertilizer use limited 2013-2015

Post-manipulation: May - September 2016 - 2019; with 

exception of chlorophyll 2016 - 2018

Winterkill 2014: Reduced fish population densities in 

early spring 2014

Measured: Chlorophyll a (Chl a), soluble reactive 

phosphorus (SRP), zooplankton, and macroinvertebrates 

every other week

Statistical Analyses: Repeated measures ANOVA

We would like to thank D. McDonald and T. Schmidt for providing equipment and lake access; M. Musser, 

M. Dzurik, D. Poister, C. Mandell, B. Brown, C. Brennan, S. Kissman, S. Kniech, K. Huberty, D. Anderson, 

C. Wiesner, A. Baert, C. Heim, and L. Henning for assistance in the field and lab and D. Bailey, B. Vallejo, 

and P. Ngo for assistance with data analyses. Funding for this research was from the James R. Hodgson 

Research Fellowship, the SNC Kresge Summer Research Award, the Anselm M. Keefe Scholarship, the 

SNC Student-Faculty Collaborative Research Award, and the SNC Student-Faculty Development 

Endowment Fund.
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Figure 1. (A) Chl a (µg·L-1) ± SE, and (B) SRP (µg·L-1) ± SE from during-

(2013, 2015) and post- (A. 2016-2018 B. 2016-2019) manipulation. Asterisks 

indicates p < 0.05. 

• Decreased SRP, % caddisfly, and Bosmina sp. biomass; and increased % 

snail, algal, Diaphanosoma birgei, and calanoid copepod biomass post-

manipulation, indicate that Dream Lake may be responding to the 

elimination of the top-down and bottom-up manipulations and the 2014 

winter kill event

• Hilsenhoff Biotic Index indicates poor water quality with very substantial 

organic pollutants likely during- and post-manipulation

• Chl a did not differ overall, but late July was greater 

post-manipulation (p ≤ 0.001; Fig. 1A) 

• SRP was lower post-manipulation (p ≤ 0.007; Fig. 2B) 

• % Caddisflies (trichoptera) was lower (p ≤  0.005; 

Fig. 2A) and % snails (planorbidae, physidae, 

hydrobiidae) was greater (p ≤ 0.001; Fig. 2B) post-

manipulation

• Bosmina sp. biomass was lower (p ≤ 0.034; Fig. 3A), 

Diaphanosoma birgei biomass was greater (p ≤ 0.001; 

Fig. 3B), and calanoid copepod biomass was greater 

(p ≤ 0.022; Fig. 3C) post-manipulation 

• Hilsenhoff Biotic Index did not differ overall, but was 

6.55 : 6.63 (during- : post-manipulation)

Figure 3.  (A) Bosmina sp. (µg·L-1) ± SE, (B) Diaphanosoma birgei (µg·L-1) ± SE, and (C) Calanoid 

copepod (µg·L-1) ± SE biomass from during- (2013, 2015) and  post- (2016-2019) manipulation. Asterisks 

indicates p < 0.05. 

RESULTS (continued)

Figure 2. (A) % Caddisfly ± SE, and (B) % Snails ± SE from during- (2013, 

2015) and post- (2016-2019) manipulation. Asterisks indicates p < 0.05.
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 Diet composition differed between stream assemblages (PERMANOVA, 
p=0.008), driven by fishes in Wequiock Creek consuming a more diverse range 
of prey. 

 Diet composition varied between fish species independent of stream 
(PERMANOVA, p<0.0001), largely driven by variation in three common 
macroinvertebrates. Creek chub, common shiner, and redside dace diets were 
indistinguishable (pairwise PERMANOVA, p>0.05), while all other species 
were significantly different from each other (all p<0.025).    

Gut content analysis of stream-resident fish in contrasting  
tributaries to Green Bay 

Jessie Hanson, Amelia McReynolds and Patrick Forsythe 
Department of Natural and Applied Sciences, University of Wisconsin-Green Bay, Green Bay, WI 54311 
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Introduction 
 Stream-resident fish serve an important role in nutrient cycling, 

feeding at multiple trophic levels throughout the stream area. 
 Fishes’ diets can reflect a stream’s habitat condition and ecological 

function. 
 Interactions between food resources and parasite ecology affect fish 

competition and success in small tributaries, though these functional 
questions are seldom investigated.  
 

Fig. 1. Focal tributaries to lower Green Bay with study reaches marked. Baird Creek is 
perennial reaching 64 km2 and Wequiock Creek is intermittent reaching 35 km2. 

Objectives 

Methods 

 Characterize diet composition of dominant fish species in an 
intermittent and a perennial stream reach. 

 Compare diet composition between streams for entire  
assemblage of common fish. 

 Compare diets between species, independent of stream. 
 Describe variation in internal parasite abundance between host 

species and parasite genus. 

 Fish were collected by backpack 
electrofishing, frozen, and 
entire intestinal tract dissected. 

 Gut contents were identified to 
order, and internal parasites 
were identified to genus 
(identified by Dr. Anindo 
Choudhury) 

 Statistical analysis was 
performed in R version 3.5.3 
with the ‘vegan’ package1 
 

Conclusions & Future Work 

Fig. 3. Count of internal parasite genera by fish species and stream.  

 Many of these species differed in centroid & diversity of gut 
contents, driving differences between stream reach assemblages 
(Fig. 2).  

 Variation in parasite load between streams and parasite genera may 
be due to differences in abundance of intermediate invertebrate 
hosts2 

 Higher abundance but lower diversity of parasites may indicate 
greater disturbance in stream watershed and lower aquatic habitat 
quality3 

 Variation in hydrology plays a role in prey availability, fish community 
structure, and parasite diversity. Baird Creek has greater habitat 
availability and connectivity compared to Wequiock Creek. 

 Stable isotope analysis of muscle tissue will be paired with gut 
content analysis to quantify trophic overlap at longer time scales.  

Baird Creek 

Wequiock Creek 

Baird Creek 

Wequiock Creek 

Green Bay 

hansjb14@uwgb.edu 
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 Average parasite count differed between streams (median test, 
p=0.034), with lower parasite load in Wequiock Creek.  

 Counts differed on average between parasite genera, with greater 
abundance of Pomphorhynchus than Acanthocephalus and 
Neoechinorhynchus (Welch’s one-way ANOVA, p=0.002).  

 96% of creek chub from Baird Creek were infected with parasites 
with an average of 31.6 per fish, while 73.3% of creek chub from 
Wequiock Creek were infected with an average of 4.4 per fish. 

Internal Parasites 

1. Oksanen, J., et al. (2018). vegan: Community Ecology Package. R package version 2.5-3.  
2. Chapman, J., et al. (2015). Variation in parasite communities and health indices of juvenile Lepomis gibbosus across a gradient of watershed 

land-use and habitat quality. Ecol. Ind. 57: 564-572.  
3. Rauque, Carlos A., et al. (2011). Parasite volume as an indicator of competition: The case Acanthocephalus tumecens and 

Pseudocorynosoma sp. (Acanthocephala) in their intermediate host. J. of Parasitology, 97 (6): 999-1002.  
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Species Stream Count 
Blacknose Dace (BND) Baird 30 

Creek Chub (CKC) Wequiock 
Baird 

30 
25 

Fathead Minnow 
(FHM) 

Wequiock 26 

Redside Dace (RSD) Baird 2 

Johnny Darter (JOD) Baird 17 

White Sucker (WHS) Wequiock 
Baird 

22 
4 

Common Shiner (CMS) Wequiock 9 

Fig. 2 Principal coordinates analysis of square root-transformed proportion of common gut 
contents, grouped by A) stream and B) fish species. Arrows show prey items that are significantly 
associated with differences between groups (envfit, p<0.05).  Ellipses show 1 standard error 
around centroids.  

A 
Gut Contents by Stream and Species 

B 

White Sucker 
Redside Dace 

Blacknose Dace 
Creek Chub 

Fathead Minnow 
Common Shiner 

Johnny Darter 

Decapoda 
Dytiscidae 

Trichoptera 
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Chironomidae Ephemeroptera 
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