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Executive Summary 

 

Introduced salmonids (i.e., Chinook Oncorhynchus tshawytscha and Coho Salmon 

Oncorhynchus kisutch, Rainbow Trout Oncorhynchus mykiss and Brown Trout Salmo trutta) 

support important recreational fisheries within the Lake Michigan ecosystem.  Historically, these 

fisheries were thought to be primarily supported by stocking, but recent research indicates that 

the majority of some salmonid species may be naturally reproduced.  Natural reproduction of 

salmonids is common and well researched in Michigan tributaries to Lake Michigan.  Successful 

salmonid reproduction is known to occur within some Wisconsin tributaries to Lake Michigan, 

but little is known regarding the abundance and outmigration of fish hatching in these streams.  

Specifically, anadromous Rainbow Trout (i.e., steelhead) stocked into Lake Michigan are known 

to exhibit an adfluvial life history, migrating up tributaries to spawn. Wild offspring have been 

collected in some of these tributaries, but whether these fish successfully outmigrate from these 

streams into larger tributaries or Lake Michigan remains unknown. The objectives of my 

research were to determine if: 1) abundance of wild juvenile salmonids (primarily steelhead) 

varied among selected streams in relation to available spawning and age-0 habitat, 2) wild 

juvenile salmonids successfully outmigrated from Wisconsin tributaries into Lake Michigan or 

into larger tributaries, and 3) stream temperature regimes could limit survival of juvenile 

salmonids in these streams.  

 Six streams considered to have high to moderate potential (relative to other Wisconsin 

tributaries) for steelhead natural reproduction were selected for my research in consultation with 

biologists from the Wisconsin Department of Natural Resources. Four of these streams (Fischer, 

Hibbard, Stony, and Sauk creeks) are tributaries to Lake Michigan and two of the streams 

(Pigeon and Willow creeks) are tributaries to the Milwaukee and Sheboygan rivers that flow 
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directly into Lake Michigan. Abundance of naturally-reproduced steelhead and Coho Salmon in 

each stream was estimated by multiple-pass depletion methods using backpack electrofishing 

equipment. Average abundance among electrofishing transects was extrapolated to stream length 

to calculate population size for each stream. Habitat assessments included steelhead redd surveys 

in spring 2017 and age-0 habitat surveys in summer 2017. Passive integrated transponders (PIT) 

were implanted in juvenile salmonids and PIT tag monitoring systems were constructed at the 

mouth of 3 of 6 streams (Willow, Stony, and Hibbard creeks) to determine rates of outmigration 

during fall 2016 and spring through fall of 2017. Temperature data were collected using 

temperature loggers placed at multiple locations in each stream.  

 Population estimates for individual streams ranged from 84-2,528 juvenile (age-0 and 

age-1+) steelhead and 0-801 juvenile Coho Salmon. There was not a correlation between redd 

counts or availability of suitable age-0 habitat and juvenile steelhead abundance. Outmigration 

was rarely detected on all three monitored streams with outmigration rates ranging from 1.4%-

2.9% among streams. Stream temperature rarely or never exceeded the acute thermal limit for 

steelhead (27°C) among streams. Additionally, stream temperature did not exceed the chronic 

thermal limit for steelhead (24°C) for long enough periods to be of concern. 

 My results indicate that outmigration of wild juvenile steelhead and Coho Salmon from 

Wisconsin tributaries to Lake Michigan is minimal, although I was not able to determine 

outmigration rates during winter months. Moreover, abundance of wild juvenile steelhead and 

Coho Salmon in Wisconsin tributaries to Lake Michigan is generally low (hundreds to thousands 

of fish compared to hundreds of thousands of fish produced in many Michigan streams). Relative 

to the total numbers of fish stocked and wild age-0 abundance in Michigan tributaries, the 

contribution of wild juvenile steelhead and Coho Salmon from Wisconsin tributaries to adult 
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populations in Lake Michigan is likely minimal. Return of wild steelhead produced in these 

streams is probably insufficient to maintain fisheries within these streams. Lack of suitable 

habitat could contribute to relatively low abundance in Wisconsin streams. Large-scale 

watershed improvement projects may be effective for increasing the amount of suitable habitat, 

but increases in juvenile salmonid abundance would likely be inconsequential on a lake wide 

level.   
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Introduction 

 Intensive stocking of Pacific salmonids into the Laurentian Great Lakes was initiated 

during the 1960s in response to declining Lake Trout Salvelinus namaycush populations and 

expansion of Alewife Alosa pseudoharengus (Mills et al. 1994; Dettmers et al. 2012). However, 

introduction of Pacific salmonids to the Great Lakes region actually began in the late 1800s. 

Specifically, Rainbow Trout (i.e., steelhead; Oncorhynchus mykiss) were first introduced into a 

Great Lakes watershed in 1876, when hatchery fish were released in the Au Sable River, 

Michigan, a tributary to Lake Huron. The first introduction of Rainbow Trout into the Lake 

Michigan watershed occurred in 1880, when fish were released in three rivers on the eastern 

shore. In 1884, the first documented introduction of Rainbow Trout into a western Lake 

Michigan watershed occurred in the Fox River and Lake Winnebago (MacCrimmon 1972), and 

widespread Coho Oncorhynchus kisutch and Chinook Salmon Oncorhynchus tshawytscha 

stocking began in the 1960s (Smith 1968).  

Pacific salmonids have become an integral part of recreational fisheries in the Laurentian 

Great Lakes, where Chinook Salmon, Coho Salmon, and steelhead have become popular 

gamefish for anglers. Communities around the Great Lakes have benefited economically from 

these introductions (Keller et al. 1990; Hoehn et al. 1996; Dettmers et al. 2012). In Wisconsin, 

over $86 million USD was spent on Great Lakes fishing trips and equipment expenditures during 

2011, and an estimated 178,000 anglers took 879,000 trips and spent 1.2 million days fishing on 

the Great Lakes in Wisconsin (USFWS 2011). In 2015, Pacific salmonids accounted for 

approximately 33% of the total harvest from Wisconsin waters of Lake Michigan (WDNR 2016).   

Consistent steelhead stocking in Wisconsin tributaries to Lake Michigan began in 1963 

when 9,000 yearlings were introduced into a Door County stream. By the 1980s, the number of 

steelhead stocked (fingerlings and yearlings) into Wisconsin waters increased to over a million 
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fish (Burzynski 2015). Currently, approximately 400,000 yearling steelhead (≈ 150 mm, TL) are 

stocked into Wisconsin waters of Lake Michigan annually. Strains currently stocked in 

Wisconsin waters include Chambers Creek, Ganaraska, and Arlee; stocking of Skamania strain 

steelhead ended in 2008, but will begin again in 2018. Chambers Creek and Skamania strains of 

steelhead originated from Washington, while the Ganaraska strain was created from a naturalized 

population in Ontario (Mackey et al. 2001; Bartron and Scribner 2004). The purpose of 

introducing these four strains was to create increased fishing opportunities in streams connected 

to Lake Michigan and harbors of Lake Michigan (Wisconsin Department of Natural Resources 

1999). Three strains are stocked into tributaries and enter streams to spawn at different times of 

the year: Skamania enter streams from early summer to early fall, Chambers Creek in late fall 

through spring, and Ganaraska enter in spring (Hogler and Surendonk 2004). Arlee strain 

steelhead are stocked into Lake Michigan harbors and are raised at Lake Mills Hatchery in 

Wisconsin, but eggs are provided by Erwin National Hatchery in Tennessee. Arlee generally 

occupy nearshore habitats and do not enter streams during spawning. 

In 1966, Coho Salmon were first stocked into Lake Michigan and originated from fall run 

salmon in Oregon (Hansen and Holey 2002). Beginning in 1969, eggs were collected from the 

Platte River, Michigan, and fish were reared in two Wisconsin state hatcheries (Wild Rose and 

Westfield) before being stocked into Lake Michigan waters. Currently, approximately 400,000 

yearling Coho Salmon (≈ 165 mm total length) are stocked into Wisconsin waters of Lake 

Michigan annually. Coho Salmon enter Great Lakes streams in fall to spawn (Fausch and White 

1986).  

In their native range, steelhead are anadromous; young fish hatch and generally reside in 

freshwater streams for 2 to 3 years before migrating to the ocean where they spend the majority 
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of adulthood (Maher and Larkin 1955). Once steelhead reach sexual maturity, generally after 2 to 

3 years at sea, they return to freshwater streams to spawn, typically exhibiting natal homing 

(Shapovalov and Taft 1954). In the Great Lakes, steelhead exhibit an adfluvial life history, 

spending their adult life in the lake and returning to freshwater tributaries to spawn, usually 

between the ages of 3 and 5 (Biette at al. 1981). Although stream entry time may differ 

temporally by strain, the majority of steelhead spawning in the Great Lakes occurs in spring, 

with some spawning observed in fall and winter (Dodge and MacCrimmon 1971; Biette et al. 

1981). Steelhead typically spawn once or twice in a lifetime, but steelhead in the Great Lakes 

have been known to spawn up to five times (Kwain 1971; Biette et al. 1981; Seelbach 1993).  

In spring, precipitation and snowmelt result in increased discharge from tributaries to the 

Great Lakes used by steelhead for spawning. As stream flow increases, steelhead migration 

increases (Dodge and MacCrimmon 1971; Dodge 1972). Peak spawning activity occurs when 

water temperatures reach 6 to 8 °C. Bjorn and Reiser (1991) reported that optimal physical and 

environmental conditions required for successful redd construction and egg survival include 

stream area, water depth, temperature, substrate, and velocity. The average area of a successful 

steelhead redd is defined as 4.4 m2. The optimal water temperature for redd construction and egg 

survival was described as 3.9-9.4° C. Additional requirements for successful steelhead spawning 

areas were water depths ≥ 24 cm, water velocities between 40 and 91 cm/s and substrate sizes of 

0.6-10.2 cm (Bjorn and Reiser 1991). Egg survival and emergence of fry from the streambed 

declines as the amount of sediment increases and the size of substrate particles decreases (Witzel 

and MacCrimmon 1981; Reiser and White 1988). Finer sediment provides less interstitial space 

and does not allow sufficiently oxygenated water to reach the eggs, causing death (Reiser and 

White 1988). The most significant factor affecting egg survival is velocity of water in redds; egg 
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survival is positively correlated to water velocity (Phillips and Campbell 1963; Sowden and 

Powers 1985).      

Juvenile steelhead spend up to four years in natal streams before outmigrating into the 

Great Lakes (Biette et al. 1981), with most steelhead outmigrating at ages 1 and 2 (Stauffer 1972; 

Alexander and MacCrimmon 1974; Kwain 1983). There is little evidence that outmigration of 

age-0 steelhead occurs in the Great Lakes (Dodge and MacCrimmon 1970; Stauffer 1972). 

However, it is possible that age-0 fish outmigrate from some tributaries to the Great Lakes, but 

do not survive to adulthood (Stauffer 1972). Previous research suggests that downstream 

movement of juvenile steelhead in Great Lakes tributaries begins in April and continues into late 

July, with much of movement occurring in late May-June (Stauffer 1972; Kwain 1983). Stauffer 

(1972) found similar timing of downstream migration in Pacific coast streams. Peak downstream 

migration in the Great Lakes occurs 1-2 months after peak runoff as water levels recede and 

return to near summer flow rates. Downstream migration in the Great Lakes starts with water 

temperature of 7-10°C and peaks at 9-17°C. The majority of movement in Great Lakes streams 

occurs during nighttime hours (Stauffer 1972; Kwain 1983). In Great Lakes streams, downstream 

movement (i.e., outmigration) typically begins with older fish; age-3 steelhead tend to move 

downstream first, followed by age 2 and age 1 fish (Stauffer 1972; Alexander and MacCrimmon 

1974; Kwain 1983). 

Natural reproduction of steelhead and Coho Salmon is common in relatively large 

Michigan tributaries to Lake Michigan (e.g. Little Manistee and Platte rivers) and is variable in 

smaller streams (Carl 1982; Carl 1983; Seelbach 1993; Godby et al. 2007). Seelbach (1993) 

estimated abundance of age-0 steelhead in Little Manistee River to be nearly 200,000 in 1981 

and over 300,000 in 1982 and 1983. Natural reproduction of steelhead and Coho Salmon is also 
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known to occur in Wisconsin tributaries to Lake Michigan (Hirethota and Burzynski 2015). The 

level of natural reproduction in Michigan tributaries is thought to be greater than Wisconsin 

streams, but little to no work has been done to quantify this assumption. Quality of stream 

habitat, regarding salmonid reproduction and residence, is likely lower in Wisconsin streams 

when compared to Michigan streams flowing into Lake Michigan. Suitable habitat for age-0 

steelhead consists of rubble substrate with water velocity less than 15 cm/sec and water depth 

less than 0.15 m (Everest and Chapman 1972). Suitable habitat of age-1 steelhead consists of 

large rubble substrate in 15-30 cm/sec velocity and depths of 0.6-0.75 m. Therefore, diverse 

habitat is required within spawning streams to support juvenile habitat needs during stream 

residence. Michigan streams that support salmonid reproduction generally have large, forest-

dominated drainage basins and considerable groundwater input (Carl 1983; Seelbach 1993).   

Compared to Michigan tributaries, Wisconsin tributaries supporting natural reproduction of 

salmonids generally have smaller drainage basins, often with limited groundwater input, unstable 

annual flow, and these streams predominately flow though agricultural areas, which increases 

sediment inputs (Cloern 1976; Nejadhashemi et al. 2011). Therefore, variation in reproductive 

success and outmigration rates is likely to occur among streams.  

Little is known about the abundance and outmigration of juvenile steelhead in Wisconsin 

tributaries to Lake Michigan. Patterns described in previous research on larger, more productive 

Great Lakes tributaries (including Lake Michigan tributaries such as Little Manistee, Platte, and 

Black Rivers; Dodge and MacCrimmon 1970; Biette and Dodge 1981; Seelbach 1993), may not 

reflect trends in abundance and outmigration associated with smaller, less productive streams. 

Consequently, the primary objectives of my research were to determine if: 1) abundance of wild 

juvenile salmonids (primarily steelhead) varied among selected Wisconsin streams based on 
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available spawning and age-0 habitat; 2) wild juvenile salmonids successfully outmigrated from 

Wisconsin tributaries into Lake Michigan or into larger tributaries; and 3) stream temperature 

regimes could limit survival of juvenile salmonids in these streams.  

 

Methods 

Study Sites 

In consultation with Wisconsin Department of Natural Resources (WDNR) fishery 

biologists, I selected six study streams (Figure 1) that support steelhead spawning runs with 

moderate to high potential (relative to other Wisconsin tributaries) for steelhead natural 

reproduction based on previous sampling. Coho Salmon runs also occur in these study streams. 

Pigeon Creek (10.9 km in length) is located in southwest Ozaukee County and flows into the 

Milwaukee River, a tributary to Lake Michigan. Pigeon Creek is not stocked with steelhead or 

Coho Salmon. Sauk Creek (25.6 km in length) is a tributary to Lake Michigan located in eastern 

Ozaukee County. Ganaraska and Chambers Creek strains of steelhead are stocked annually in 

Sauk Creek, and intermittent Coho Salmon and Chinook Salmon stocking occurs. Willow Creek 

(8 km in length) is located in Sheboygan County and flows into the Sheboygan River, a tributary 

to Lake Michigan. Willow Creek is not stocked, but the Sheboygan River is stocked annually 

with steelhead, Chinook and Coho Salmon, providing the potential for stocked fish to enter 

Willow Creek. Fischer Creek (9.7 km in length) is a tributary to Lake Michigan in Manitowoc 

County that is stocked annually with Ganaraska and Chambers Creek strains of steelhead. Stony 

Creek (22.2 km long) is a tributary to Lake Michigan located on the border of Door and 

Kewaunee counties where Ganaraska and Chambers Creek strains of steelhead are stocked 

annually. Hibbard Creek (8.5 km long) is located in Door County and flows directly into Lake 
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Michigan. Ganaraska and Chambers Creek strains of steelhead are stocked annually in Hibbard 

Creek. 

 

Abundance 

To estimate abundance of age-0 (≤105 mm total length [TL]) and age-1+ (from 106 mm 

to 300 mm TL) juvenile steelhead, five to six 100-m transects were selected in different zones 

that approximated lower, middle, and upper reaches of each stream. I used this spatial allocation 

of sampling sites to account for possible differences in juvenile salmonid abundance related to 

variation in habitat. Site selection was also based on availability of stream access.  

In July-August of 2016 and 2017, multiple-pass depletion sampling with backpack 

electrofishing gear (e.g., Habera et al. 1996; Rosenberger and Dunham 2005) was conducted at 

each transect to estimate abundance of juvenile steelhead. Two beach seines (6.4-mm bar mesh) 

were stretched across the width of the stream at the upper and lower boundaries of each 100-m 

transect. Three to five electrofishing passes were conducted moving upstream at each site with a 

crew of four people. Two Smith-Root® model 15-D generator-powered backpack electrofisher 

units were used to collect fish. Backpack electrofisher units were operated at 30Hz, 6ms and 

200-300 volts. All steelhead were netted on each pass, measured to the nearest millimeter (total 

length; TL), and inspected for fin clips indicating they were stocked. All fish were released 

downstream of the sampling area. Time of each sampling run was recorded. Any Coho Salmon 

encountered were also measured. Coho Salmon ≤ 120mm TL were considered to be age-0 fish.  

Abundance estimates (�̂�) were generated for each sampling site using the method 

described by Leslie and Davis (1939):  

�̂� = 𝛽0/|𝛽1| , 
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where 𝛽0 = y-intercept from a regression of catch per unit effort against cumulative catch for 

electrofishing runs conducted at each site and 𝛽1= slope from regression of catch per unit effort 

and cumulative catch. Stocked fish (i.e., fin clipped) were not included in population estimates. 

Age-0 and age-1+ steelhead were pooled when estimating abundance. Mean abundance among 

sites was calculated for each stream and used to generate population estimates for individual 

streams. Two population estimates were calculated for each stream. One estimate was calculated 

by extrapolating mean abundance in 100-m electrofishing transects to total stream length and the 

second estimate was based on length of stream from mouth to the furthest upstream point where 

juvenile salmonids were collected.   

 

Habitat 

In April 2016, temperature loggers (Onset® HOBO® Water Temperature Pro v2 Data 

Logger – U22-001) were deployed in three locations that encompassed upper, middle, and lower 

stretches of each stream. Temperature loggers remained in each stream until April 2017 at which 

point data were downloaded. Temperature loggers were deployed again within one to three 

weeks in the same locations. In instances where temperature loggers were not recovered, new 

loggers were deployed in the same general locations and remained in stream until October 2017. 

To describe the extent to which stream temperatures could result in thermal stress for steelhead, I 

plotted the number of days and hours in each year where water temperatures exceeded the acute 

exposure thermal limit of 27° C reported for juvenile Rainbow Trout (Sullivan et al. 2000) as 

well as chronic exposure thermal limit of 24°C (Bear et al. 2007).     

In April of 2017, redd surveys (Beland 1996; Jacobs et al. 2001; Gallagher et al. 2007) 

were conducted by walking multiple 1-km sections of each stream and visually identifying 
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steelhead redds. Once a redd was identified, the location was recorded with a GPS unit and 

substrate size in and around the redd was visually categorized using a modified Wentworth scale 

(Workman et al. 2004). Categories based on substrate diameter were as follows: clay (<0.004 

mm), silt (0.004-0.062 mm), sand (0.062-2 mm), gravel (2-4 mm), pebble (4-64 mm), cobble 

(64-256 mm), and boulder (>256 mm). Stream depth and velocity were measured, using a top-

setting wading rod equipped with a Marsh McBirney Flo-MateTM 2000 portable flowmeter, at the 

upstream edge of the redds at approximately 60% total water depth.  

In 2017, rocks painted blaze orange were used to mark areas where ≥ 3 age-0 steelhead 

were collected during depletion backpack electrofishing surveys. Measurements of stream 

velocity, depth, and percentage of substrate categories present (using the modified Wentworth 

scale) were taken from the center and at all four corners of 1-m x 1-m quadrat centered on the 

blaze orange marker. Upper and lower quartile values of steam velocity, depth, and percent 

substrate size recorded at these sites were used to define suitable age-0 steelhead habitat. 

Substrate classes were pooled into 3 categories: large substrate consisted of boulder, medium 

substrate consisted of cobble and pebble, and fine substrate consisted of sand and silt.  

To describe the availability of suitable age-0 steelhead habitat in each stream, two 

reaches were selected for habitat assessment. These reaches were located downstream of the 

most upstream point where I collected steelhead during backpack electrofishing. Length of each 

reach was 35 times mean stream width (Simonson et al. 1994) and reaches were centered on 100-

m electrofishing transects I used for abundance estimates. Habitat measurements were taken at 

four equally-spaced data collection points along 18 transects for a total of 72 observations within 

each reach. Transects encompassed the width of the stream, and were spaced two times mean 

stream width apart. I used protocols similar to those described by Simonson et al. (1994) to 
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obtain measurements of stream velocity, depth, and percentage of substrate categories present 

within each reach. Velocity and depth measurements were collected as previously described for 

redd surveys. Percentage (to the nearest 10%) of substrate types within a 0.3-m x 0.3-m quadrat 

around each sampling point were visually assigned using the previously described modification 

to the Wentworth scale.  

If measurements at a specific sampling point fell within upper and lower quartiles 

observed for velocity, depth, and percent composition for all three substrate sizes at sites where ≥ 

3 age-0 steelhead had been collected in electrofishing runs, the point was designated as suitable 

habitat for age-0 steelhead. Total number of sampling points designated as suitable habitat was 

divided by 72 (total number of sampling points) to describe the percentage of suitable habitat 

within an individual reach and this percentage was averaged across the two reaches for each 

stream. Average percentage of suitable habitat was multiplied by the total stream area (m2) 

where steelhead were sampled to estimate the amount of suitable habitat available for age-0 

steelhead on each stream. Stream area was calculated by multiplying total length of stream 

(mouth to furthest upstream point that steelhead were collected) by the average stream width 

from information gathered during habitat assessments. Linear regression was used to determine 

if there was a significant relationship between mean population size (average of 2016 and 2017 

population estimates) and availability of suitable habitat.   

 

Outmigration 

In September 2016 and spring 2017, passive integrated transponder (PIT) monitoring 

systems were constructed (Figures 2 and 3) near the mouth of Willow, Stony, and Hibbard 

creeks (Figure 1). Streams were selected in relation to juvenile steelhead abundance, stream 
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access, and general suitability for detecting fish with the monitoring systems. Each PIT tag 

monitoring system (Figure 3) consisted of one Oregon RFID® multiple-antenna half-duplex 

(HDX) reader, two HDX antennas (Figure 2), and two 12-volt deep cycle marine batteries as a 

power source. Each system had one antenna located as close to the confluence of the stream with 

Lake Michigan or larger tributary as possible, with an additional antenna located approximately 

25 m upstream. The use of two antennas allowed me to determine direction of movement.  

Antennas consisted of a loop of 8-gauge audio cable secured with plastic cable ties to a 

rope above the stream (Figure 2) and on the bottom of the stream. Audio cables were connected 

to an Oregon RFID® ATC auto tuner that was attached to a tree or length of PVC pipe secured 

on the stream bank. The tuner was connected to a multiple-antenna HDX reader via Belden® 

9207 twinaxial cable. An Oregon RFID® RTS tuning indicator was used for tuning the auto 

tuners. The reader was housed in a locked storage tote along with the two batteries connected in 

parallel and placed on the stream bank.  

From September to October of 2016, juvenile steelhead (and Coho Salmon or Brown 

Trout, if encountered) were collected from numerous locations in each stream using backpack 

electrofishing, with the sampling goal of tagging as many fish as possible. From August to 

September of 2017, juvenile salmonids were again collected and tagged in Stony and Hibbard 

creeks. Sampling sites were determined from information gathered during depletion runs used to 

estimate abundance. Sites with the greatest concentration of steelhead were preferentially 

selected for tagging. Backpack electrofishing was used to collect fish. All juvenile steelhead, 

Coho Salmon, and Brown Trout were measured for TL, identified to species, scanned for PIT 

tags, and inspected for fin clips indicating that fish were stocked. Steelhead, Coho Salmon, and 



12 

 

Brown Trout ≥ 80 mm TL were implanted with a 12-mm HDX PIT tag, monitored until normal 

swimming activity resumed, and released.  

To determine tag retention and mortality immediately after tagging, I conducted short-

term, in-stream mortality trials in August 2017 by placing tagged fish into large plastic storage 

totes with holes drilled on all sides to allow stream water to flow through the totes (Figure 4). 

Totes were placed instream, anchored by rocks, and covered. Samples of 20 juvenile steelhead 

were placed in totes and monitored for a period of 24 h. Half of the fish placed into each tote 

were implanted with a PIT tag. After 24 h, dead fish were counted to determine mortality rate 

and all fish were scanned to assess initial tag retention.  

 Tag detections were downloaded from readers and batteries were replaced weekly. 

Monitoring systems were operated for as long as the winter weather allowed and were in place 

from early September to mid-November 2016 and from mid-April to mid-November 2017. 

Successful outmigration was assumed if tagged fish were detected on the upstream antenna, 

followed by detection on downstream antenna and were never detected again. Outmigration rates 

were calculated by dividing the number of tagged fish that successfully outmigrated by the total 

number of fish tagged for individual streams multiplying by 100. 

 

Results 

Abundance  

Pigeon Creek 

In 2016, backpack electrofishing conducted at 5 sites on Pigeon Creek yielded depletion-

based abundance estimates ranging from 0-21 juvenile steelhead per 100-m transect with a mean 

of 8.4 (SE = 3.7; Table 1). In 2017, estimates from the same 5 sites ranged from 0-11 juvenile 
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steelhead per 100-m transect with a mean of 2.2 (SE = 1.8; Table 1). Interestingly, the transect 

yielding the highest abundance of juvenile steelhead in 2016 yielded no fish in 2017. No Coho 

Salmon were sampled in 2016. Only 4 juvenile Coho Salmon were collected at 1 of the 5 sites in 

2017, resulting in a mean estimate of abundance of 1 fish per 100-m transect (SE = 0.9; Table 1). 

Population estimates (PEs) of juvenile steelhead for the total 10.9 km of Pigeon Creek were 919 

(95% CL = 120-1,718) in 2016 and 241 (95% CL = 0-613) in 2017 (Table 1). Age-0 Coho 

Salmon PE for total stream length was 109 (95% CL = 0-306; Table 1) in 2017. Juvenile 

salmonids were sampled up to 3.8 km upstream of the stream mouth (all 5 sites) and juvenile 

steelhead PEs for this 3.8-km stretch were 315 (95% CL = 41-589) in 2016 and 83 (0-210) in 

2017 (Table 2). Age-0 Coho PE for the same stretch was 38 (95% CL = 0-105; Table 2) in 2017. 

Based on lengths, the majority of juvenile steelhead captured by electrofishing were age-0 in 

both 2016 (90%; 26 of 29 fish; Figure 5) and 2017 (89%; 8 of 9 fish; Figure 6). All Coho Salmon 

collected were age-0 (Figure 8). 

 

Sauk Creek 

 In 2016, backpack electrofishing conducted at 6 sites on Sauk Creek yielded depletion-

based estimates of abundance ranging from 0-6 juvenile steelhead per 100-m transect with a 

mean of 1.3 (SE = 0.9; Table 1). No Coho Salmon were collected in 2016. One of the sites 

sampled in 2016 was not sampled in 2017 because the landowner could not be reached to gain 

access. The site not sampled in 2017 yielded no salmonids in 2016 and was upstream of the last 

site where salmonids have historically been sampled. In 2017, estimates from 5 sites ranged from 

0-32 juvenile steelhead per 100-m transect with a mean of 9 (SE = 5.5; Table 1) and 0-5 juvenile 

Coho Salmon per 100-m transect with a mean of 1.4 (SE = 0.9; Table 1). Population estimates of 
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juvenile steelhead for the total 25.6 km of Sauk Creek were 333 (95% CL = 0-768) in 2016 and 

2,303 (95% CL = 0-5,067) in 2017 (Table 1). Age-0 Coho Salmon PE for total stream length was 

358 (95% CL = 0-793; Table 1). However, juvenile salmonids were only sampled up to 4.2 km 

upstream of the stream mouth (4 of 6 sites) and juvenile steelhead PEs for this 4.2-km stretch 

were 84 (95% CL = 0-181) in 2016 and 476 (0-1,006) in 2017 (Table 2). Age-0 Coho PE for the 

same stretch was 76 (95% CL = 0-160; Table 2) in 2017. Based on lengths, the majority of 

juvenile steelhead encountered in electrofishing were age-0 in both 2016 (88%; 7 of 8 fish; 

Figure 5) and 2017 (93%; 40 of 43 fish; Figure 6). All Coho Salmon collected were age-0 

(Figure 8). 

 

Willow Creek 

In 2016, backpack electrofishing conducted at 5 sites on Willow Creek yielded depletion-

based estimates of abundance ranging from 0-32 juvenile steelhead per 100-m transect with a 

mean of 8.8 (SE = 5.4; Table 1) and 0-94 juvenile Coho Salmon per 100-m transect with a mean 

of 25 (SE = 15.7). In 2017, estimates from the same 5 sites ranged from 0-31 juvenile steelhead 

per 100-m transect with a mean of 9 (SE = 5.5; Table 1) and 0-11 juvenile Coho Salmon per 100-

m transect with a mean of 4.6 (SE = 2.1). Population estimates of juvenile steelhead for the total 

8.0 km of Willow Creek were 708 (95% CL = 0-1,569) in 2016 and 724 (95% CL = 0-1,593) in 

2017 (Table 1). Age-0 Coho Salmon PEs for total stream length were 2,012 (95% CL = 0-4,498) 

in 2016 and 370 (95% CL = 48-692) in 2017 (Table 1). However, juvenile salmonids were only 

sampled up to 2.6 km upstream of the stream mouth (4 of 6 sites) and juvenile steelhead PEs for 

this 2.6-km stretch were 282 (95% CL = 0-599) in 2016 and 289 (0-607) in 2017 (Table 2). Age-

0 Coho Salmon PEs for the same stretch were 801 (95% CL = 0-1,723) in 2016 and 148 (95% 



15 

 

CL = 36-259) in 2017 (Table 2).  Based on lengths, all juvenile steelhead encountered in 

electrofishing during both 2016 (100%; 44 of 44 fish; Figure 5) and 2017 (100%; 24 of 24 fish; 

Figure 6) were age-0 fish. All Coho Salmon collected were age-0 (Figures 7 & 8). 

 

Fischer Creek 

In 2016, backpack electrofishing conducted at 6 sites on Fischer Creek yielded 

abundance estimates ranging from 0-35 juvenile steelhead per 100-m transect with a mean of 

10.0 (SE = 5.7; Table 1). In 2017, estimates from the same 6 sites ranged from 0-32 juvenile 

steelhead per 100-m transect with a mean of 13 (SE = 5.6; Table 1). In 2016 and 2017, depletion-

based abundance estimates were not calculated for Coho Salmon due to low catches (N = 4 and 

N = 2, respectively). Population estimates of juvenile steelhead for the total 9.7 km of Fischer 

Creek were 966 (95% CL = 0-2,037) in 2016 and 1,255 (95% CL = 193-2,317) in 2017 (Table 

1). In 2016, juvenile salmonids were only sampled up to 3.2 km upstream of the stream mouth (4 

of 6 sites) and the juvenile steelhead PE for this 3.2-km stretch was 476 (95% CL = 105-848; 

Table 2). In 2017, juvenile salmonids were only sampled up to 5.2 km upstream of the stream 

mouth (5 of 6 sites) and the juvenile steelhead PE for this 5.2-km stretch was 807 (95% CL = 

186-1,427; Table 2). Based on lengths, the majority of juvenile steelhead encountered in 

electrofishing were age-0 in 2016 (69%; 29 of 42 fish; Figure 5), but not in 2017 (47%; 34 of 73 

fish; Figure 6). The majority of Coho Salmon were age-0 in 2016 (75%; 3 of 4; Figure 7) and all 

two fish were age-0 in 2017 (Figure 8).  
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Stony Creek 

In 2016, backpack electrofishing conducted at 6 sites on Stony Creek yielded depletion-

based estimates of abundance ranging from 0-102 juvenile steelhead per 100-m transect with a 

mean of 24.0 (SE = 14.7; Table 1). One of the sites sampled in 2016 was not sampled in 2017 

because the landowner could not be reached to gain access. The site not sampled in 2017 yielded 

no salmonids in 2016 and was upstream of the last site where salmonids have historically been 

sampled. In 2017, estimates from 5 sites ranged from 0-144 juvenile steelhead per 100-m 

transect with a mean of 66.6 (SE = 26.4; Table 1). In 2016, depletion-based abundance estimates 

were not calculated for Coho Salmon due to low catches (N = 6). In 2017, backpack 

electrofishing yielded estimates ranging from 0-20 juvenile Coho Salmon per 100-m transect 

with a mean of 5.3 (SE = 3.3; Table 1). Population estimates of juvenile steelhead for the total 

22.2 km of Stony Creek were 5,330 (95% CL = 0-11,749) in 2016 and 14,791 (95% CL = 3,287-

26,295) in 2017 (Table 1). Age-0 Coho Salmon PE for total stream length was 1,177 (95% CL = 

0-2,643) in 2017 (Table 1). However, juvenile salmonids were only sampled up to 3.0 km 

upstream of the stream mouth (4 of 6 sites) and juvenile steelhead PEs for this 3.0-km stretch 

were 1,093 (95% CL = 0-2,252) in 2016 and 2,528 (95% CL = 904-4,149) in 2017 (Table 2). 

Age-0 Coho Salmon PE for the same stretch was 203 (95% CL = 0-434) in 2017 (Table 2). 

Based on lengths, the majority of juvenile steelhead encountered in electrofishing were age-0 in 

both 2016 (54%; 74 of 138 fish; Figure 5) and 2017 (89%; 216 of 244 fish; Figure 6). All Coho 

Salmon collected were age-0 (Figures 7 & 8). 
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Hibbard Creek 

In 2016, backpack electrofishing conducted at 5 sites on Hibbard Creek yielded 

depletion-based abundance estimates ranging from 0-23 juvenile steelhead per 100-m transect 

with a mean of 9.6 (SE = 6.5; Table 1). In 2017, estimates from the same 5 sites ranged from 0-

64 juvenile steelhead per 100-m transect with a mean of 15.2 (SE = 11.1; Table 1). In 2016, 

depletion-based abundance estimates were not calculated for Coho Salmon due to low catches 

(total N = 1). No Coho Salmon were collected in 2017. Population estimates of juvenile 

steelhead for the total 8.5 km of Hibbard Creek were 819 (95% CL = 230-1,407; Table 1) in 

2016 and 1,296 (95% CL = 0-3,147; Table 1) in 2017, juvenile salmonids were captured at all 

sites. Based on lengths, the majority of juvenile steelhead encountered in electrofishing were 

age-0 in both 2016 (62%; 21 of 34 fish; Figure 5) and 2017 (94%; 47 of 50 fish; Figure 6). All 

Coho Salmon collected were age-0 (Figure 7). 

 

Habitat 

Water Temperatures 

 The thermal limit of 27°C for Rainbow Trout was reached or exceeded in Pigeon Creek 

on 13 days for a total of 39 hours in 2016 (Figure 9). The majority (12 of 13) of temperature 

exceedance days in Pigeon Creek occurred from July 22-August 18, 2016 with the remaining day 

being September 6, 2016.  All the exceedance observations were recorded at the mouth of Pigeon 

Creek. Water temperatures in Sauk Creek reached or exceeded the thermal limit on 3 days for a 

total of 10 hours in 2016. Temperature exceedance days in Sauk Creek were July 22, July 26 and 

August 3, 2016 and the Dixie Road crossing accounted for all exceedances. Water temperature 

reached or exceeded the thermal limit on 1 day, July 22, 2016, for 1 hour in Fischer Creek in 
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2016 at South Fischer Creek Road crossing. Thermal limit was not exceeded in any of my six 

research streams in 2017 (Figure 10).    

The thermal limit of 24°C for Rainbow Trout was reached or exceeded on 0-48 days for a 

total of 0-405 hours in 2016 across 6 streams at 15 temperature data collection sites (Figure 9). 

The majority of temperature exceedance days in 2016 occurred in July and August. 

Temperatures were recorded at or above 24°C at 12 of 15 temperature data collection sites. The 

thermal limit of 24°C was reached or exceeded on 0-31 days for a total of 0-209 hours in 2017 

across 6 streams at 17 temperature data collection sites (Figure 10). The majority of temperature 

exceedance days in 2017 occurred in July and August. Temperatures were recorded at or above 

24°C at 9 of 17 temperature data collection sites.  

 

Redd Surveys 

 Three redds were observed in both Fischer and Stony creeks during redd surveys 

conducted in 2017. Two redds were observed in both Pigeon and Hibbard creeks and no redds 

were observed in Willow Creek. A redd survey was attempted on Sauk Creek, but redds were not 

visible due to high turbidity. Average water depth at redd locations among all streams was 0.25 

m, average water velocity was 0.52 m/s, and average water temperature was 8.3° C. Dominant 

substrate at redd locations was pebble with some locations containing cobble. 

   

Age-0 steelhead habitat availability 

 Twenty locations where ≥ 3 age-0 steelhead were captured during backpack 

electrofishing were used to identify characteristics of suitable habitat for age-0 steelhead. These 

suitable habitat locations were located on 5 of 6 research streams (all but Pigeon Creek). I 
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identified 6 suitable sites in Sauk Creek, 3 on Willow Creek, 3 on Fischer Creek, 7 on Stony 

Creek, and 1 on Hibbard Creek. Ranges of stream velocity, stream depth, large substrate, and 

medium substrate at these locations were 0.15-0.44 m/s, 0.09-0.18 m, 10-43%, and 50-90%, 

respectively. Percent of fine substrate at all locations was 0%.  

 The average amount of suitable depth habitat was 32.9% across all 12 sampled habitat 

sites. Averages for stream velocity, large, medium, and small substrate were 28.9%, 25.6%, 

41.2%, and 46.8%, respectively (Table 3). The amount of suitable habitat available for age-0 

steelhead in my research streams ranged from 0%-5.56% or total area of 0 m2-1,614 m2 (Table 

4). There was not a significant linear relationship (F=0.006; df=1,4; P=0.94) between population 

estimates and the amount of suitable habitat available for age-0 steelhead. Mean stream width 

ranged from 2.9-7.5 m for the six research streams with an average mean stream width of 5.1 m.  

 

Outmigration 

 In 2016, 63 steelhead, 38 Coho Salmon, and 5 Brown Trout were implanted with PIT tags 

in Willow Creek (Table 5). During 2016 and 2017, 445 steelhead, 14 Coho Salmon, and 15 

Brown Trout were implanted with PIT tags in Stony Creek and 219 steelhead and 1 Coho 

Salmon were implanted with PIT tags in Hibbard Creek. The majority of fish tagged were age-0 

fish based on lengths (Table 5). Less than 6% of steelhead I tagged were of stocked origin (15 of 

445 steelhead in Stony Creek and 11 of 219 in Hibbard Creek). No fish tagged in 2016 were 

recaptured in 2017 in any stream. Survival of tagged juvenile steelhead and PIT retention after 

24-h were 100% (Table 6) in my four in-stream mortality trials. Only one juvenile steelhead died 

after 24 h and this was a reference fish.    
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  In Willow Creek, 3.2% of tagged steelhead (2 of 63 fish), 80% of Brown Trout (4 of 5 

fish), and 10.5% of Coho Salmon (4 of 38 fish) were detected by the PIT tag monitoring system 

(Table 7); 90% of these detections occurred in 2017. One steelhead, 4 Brown Trout, and 2 Coho 

Salmon are assumed to have outmigrated from Willow Creek between 15 April and 28 May 

2017 based on sequential antenna detections (Table 8). Outmigration rates of steelhead (1.6%; 1 

of 63 fish) and Coho Salmon (5.3%; 2 of 38 fish) were less than 10%, while 4 of 5 Brown Trout 

(80%) left Willow Creek (Table 7).  

 In Stony Creek, 12.8% of tagged steelhead (57 of 445), 0% of Brown Trout (0 of 15), and 

0% of Coho Salmon (0 of 14) were detected by the PIT tag monitoring system (Table 7). 

Thirteen steelhead are assumed to have outmigrated from Stony Creek based on sequential 

antenna detections (Table 8). One steelhead outmigrated from Stony Creek on 10 September 

2016. In 2017, nine steelhead outmigrated between 12 September and 8 October and three 

outmigrated between 8 November 19 November. One of the detected steelhead was of stocked 

origin but was not assumed to have outmigrated.  Outmigration rate of steelhead from Stony 

Creek was 2.9% (13 of 445; Table 7). 

 In Hibbard Creek, 7.3% of tagged steelhead (16 of 219) and 0% of Coho (0 of 1) were 

detected by the PIT tag monitoring system (Table 7). Three steelhead are assumed to have 

outmigrated on 22 October 2016, 26 April 2017 and 17 October 2017 based on sequential 

antenna detections (Table 8). Two of the detected steelhead were of stocked origin but zero were 

assumed to have outmigrated. Outmigration rate of steelhead from Hibbard Creek was 1.4% (3 

of 219; Table 7). Outmigration events occurred after sunset and before sunrise for 19 of the 23 

events across all streams (Table 8).    
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 It should be noted that outmigration rates reported for Stony and Hibbard creeks are 

minimum outmigration rates due to technical issues that may have resulted in missed 

outmigration events. There were no detections after May 6, 2017 and an issue was discovered 

(low detection range, < 75 mm) on June 15, 2017. The issue was resolved on June 16, 2017 in 

Stony Creek and June 20, 2017 in Hibbard Creek. I was not able to determine when the problem 

first began so the systems could have been operating at very low detection range for over a 

month. However, after systems were operating properly there were no detection until August 16, 

2017 and September 14, 2017 in Stony and Hibbard creeks, respectively.    

 

Discussion 

My research suggests that natural reproduction of steelhead continues to occur in 

Wisconsin tributaries to Lake Michigan, but at relatively low levels compared to Michigan 

tributaries (Seelbach 1993). In general, most Wisconsin tributaries to Lake Michigan that support 

salmonid natural reproduction are smaller in both length and width compared to typical 

Michigan tributaries (Seelbach 1993; Godby et al. 2007). Consequently, the potential for 

Wisconsin streams to produce large numbers of steelhead is limited. Moreover, the estimated 

area of each stream providing suitable habitat for juvenile fish, based on stream length where 

juvenile salmonids were sampled, was relatively low (< 35%) for 4 of my 6 streams (excluding 

Fischer and Hibbard creeks) and these estimates of habitat availability were consistent with my 

in-stream observations.  

Historically, stream habitat manipulation for improving salmonid abundance has focused 

on small-scale projects (House and Boehne 1985; Roni and Quinn 2001), but evidence from 

research conducted in the Pacific Northwest (home range of steelhead) has indicated that large-
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scale, watershed-level habitat improvement is likely necessary to achieve noticeable increases in 

salmonid populations (Roni et al. 2010; Grantham et al. 2012). Similar to these assertions, 

options for in-stream improvements to improve spawning and juvenile habitat for steelhead are 

likely limited, or, these improvements would have likely short-term benefits unless they are 

coupled with efforts to alter land use within the watershed. With the exception of Hibbard Creek, 

land use in the watersheds of my study streams was considered to be > 65% agriculture, urban 

and/or suburban (WDNR 2010). Contrast this with Hibbard Creek, where the entire length of 

stream was dominated by forested area and provided suitable habitat for juvenile salmonids. This 

dichotomy suggests that land use within the watershed of most of my study streams may limit 

availability of suitable habitat for juvenile salmonids. Although Hibbard Creek did not have the 

highest abundance of juvenile salmonids it did have juvenile fish occupying the upper, middle 

and lower stretches of the stream, just in mostly low abundance. All other research streams had 

some section(s) of the stream that were uninhabited by juvenile salmonids. There is likely some 

other factor(s) in Hibbard Creek that limits its potential to produce abundant wild juvenile 

salmonids but it potentially provides an example of how land use may affect instream habitat 

suitability.  

Specific locations where ≥ 3 age-0 steelhead were collected varied widely in all measured 

attributes (e.g. depth, flow, percentage of boulder present, etc.) except that the percentage of silt 

present was always 0. Increases in deposition of fine sediment have been repeatedly linked to 

anthropogenic alteration of land near streams for purposes such as agriculture, urbanization, and 

forestry (Waters 1995; Owens et al. 2005). Additionally, increases in fine sediment have been 

shown to reduce salmonid fitness and survival (Crouse et al. 1981; Harvey et al. 2009). 
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Therefore, management of land use around salmonid streams may be beneficial to reduce fine 

sediment loading and consequently increase salmonid survival and abundance. 

Temperature data collected during my research indicates that stream temperature regimes 

likely are not limiting survival of juvenile salmonids in Wisconsin tributaries to Lake Michigan. 

The thermal limit of 27°C was used to determine if streams were getting warm enough where 

short term exposure had the potential to cause mortalities while 24°C was used for long term 

exposure. There were very few hours within the research period where temperature reached or 

exceeded 27°C and when they did they were only in one section of the stream leaving thermal 

refuges available for juvenile salmonids. Bear et al. (2007) found that exposure to 24°C for a 

period of 60 days resulted in 27.2% mortality for juvenile Rainbow Trout. The potential for long 

term exposure to the thermal limit of 24°C to have caused high mortality rates is not likely. 

Although there were stretches of days as long as 14 days where stream temperature reached 24°C 

they generally did not last for more than 10 hours of the day and were limited mostly to one 

stretch of the stream. Therefore, Wisconsin stream temperature regimes are suitable for juvenile 

salmonid survival. 

Redd surveys have been commonly and effectively used to estimate abundance of 

spawning adult salmonids (Maahs and Gilleard 1993; Lestelle and Weller 2002), but have rarely 

been used as an indicator of juvenile abundance (Beland 1996). Redd surveys on my research 

streams were generally unsuccessful, as few redds were located.  Additionally, few fish (less 

than 10 adult fish) were observed instream during redd surveys in all but one stream (Fischer 

Creek, approximately 40 adult fish). Although I conducted surveys during a period I thought was 

just after peak steelhead spawning, it is possible that the timing of the surveys did not coincide 

with peak abundance of redds. Alternatively, it is possible that few redds are made in these 
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streams, which may explain the relatively low numbers of age-0 fish observed in most streams. 

Conducting redd surveys was not a critical component of my research, but my work suggests that 

in the future, conducting multiple surveys over a longer period may be required to assess redd 

abundance in these streams.     

Age-0 steelhead habitat assessments did not result in a correlation between juvenile 

steelhead abundance and total area of suitable age-0 steelhead habitat available in streams. 

Previous research has demonstrated that juvenile steelhead, especially age-0 fish, commonly 

utilize a wide variety of habitat types (Bisson et al. 1988; Roper et al. 1994) and a previous 

attempt to correlate juvenile steelhead abundance to the amount of suitable habitat also failed to 

yield significant results (Mathur et al. 1985). Although I was able to identify general areas 

occupied by age-0 steelhead, the exact microhabitats from which they were sampled was more 

difficult to determine. These areas tended to be narrow and short riffles within a wider section of 

stream. Determining exactly where age-0 steelhead were sampled from within these areas proved 

impossible given the backpack electrofishing method employed. Age-0 steelhead could have 

been occupying the top, bottom, middle, or fringes of these areas (each point being different 

mainly in terms of flow, but also depth and substrate composition) however, visually pinpointing 

their location was not possible. Given these difficulties and evidence of wide variety of habitat 

use by age-0 steelhead further attempts to determine correlation between abundance and age-0 

habitat availability may be difficult.     

In general Wisconsin tributaries to Lake Michigan are low gradient streams. Low 

gradient streams are usually dominated by run habitat and lack the riffle and pool complexes that 

are important habitats for juvenile salmonids. Our research suggests that the riffle habitats in 

Wisconsin streams are highly utilized by age-0 salmonids. The lack of riffle habitat related to the 
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low gradient of Wisconsin streams may be an important contributing factor related to low 

abundance of juvenile salmonids.     

Although some of my population estimates for total stream length exceeded 10,000 

juvenile steelhead, these estimates are likely unrealistic based on spatial trends in electrofishing 

catches. Moreover, population estimates that only included stream kilometers from the mouth of 

the stream to the furthest upstream point that salmonids were collected were generally < 5,000 

fish and likely represent more realistic estimates. In comparison, individual Michigan tributaries 

can produce hundreds of thousands of juvenile steelhead each year (Seelbach 1993; Godby et al. 

2007). Although streams producing hundreds of thousands of juvenile steelhead in Michigan are 

much larger than my research streams, smaller Michigan streams also have the potential for high 

production. Godby et al. (2007) estimated juvenile steelhead abundance in Bigelow Creek, a 

Michigan tributary to Lake Michigan, to be more than 5 times higher than my highest population 

estimate (Stony Creek) and these two creeks are similar in size. My population estimates, based 

on stream lengths where juvenile salmonids were captured, suggest the contributions of these six 

Wisconsin streams to the adult populations of steelhead and Coho Salmon in Lake Michigan are 

likely negligible relative to stocking (approximately 400,000 fingerlings a year in Wisconsin 

waters alone) and wild fish produced in Michigan tributaries. This assertion would be true even 

if I used upper 95% confidence intervals as estimates of abundance and assumed all fish 

successfully outmigrated, which seems unlikely based on detections of PIT tagged fish.  

Based on my observations at Willow, Stony, and Hibbard creeks, < 5% of juvenile 

steelhead and Coho Salmon outmigrated from my study streams. My PIT tag monitoring systems 

were not operated in winter conditions (mid-November to mid-April) due to ice formation in and 

around the streams and reduced battery life under sub-freezing temperatures. I could find no 
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evidence to suggest that steelhead outmigrate in large numbers during winter and most previous 

research suggests nearly all outmigration occurs between spring and early summer in both their 

native range and the Great Lakes (Stauffer 1972; Kwain 1983; Scheuerell et al. 2009). I did 

explore limited areas of Willow and Stony creeks in the winter and noticed, especially in Willow 

Creek, there were areas with extensive ice cover that may have limited fish habitat. There is 

potential that ice conditions in the winter may force outmigration of juvenile salmonids that 

would be counter to their life history characteristics or may lead to mortalities. However, if fish 

did leave these streams during winter, outmigration rates would have been higher than my 

estimates. Additionally, there was a period during May-June 2017 when PIT monitoring systems 

were operating with low detection ranges (< 75 mm) on both Stony and Hibbard Creek, 

potentially resulting in failure to detect fish leaving these streams and underestimation of 

outmigration rates. Although periods of outmigration may have been missed, even if every 

salmonid in each stream successfully outmigrated, this would still represent a minimal 

contribution to salmonid abundance in Lake Michigan. 

Despite the lack of outmigration, no fish tagged in 2016 were recaptured during 2017 

tagging events and less than 4% of steelhead tagged in 2016 were detected by PIT tag monitoring 

systems in 2017 in any stream. Furthermore, numbers of age-1 fish were relatively low in most 

streams. These additional pieces of information suggest that juvenile salmonids in these streams 

outmigrate during winter or remain in stream and experience low overwinter survival. Further 

research would be needed to evaluate overwinter behavior and survival.  

Combining observed outmigration rates with population estimates, the total number of 

steelhead entering Lake Michigan from my research streams is in the range of 9-74 (95% CLs 

range from 0-120) steelhead per stream. Stony Creek had the highest population estimates as 
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well as the highest percentage of outmigrants, but based on my estimates less than 100 fish 

would outmigrate to Lake Michigan.  

 Although habitat improvements have the potential to improve juvenile steelhead habitat 

and abundance, contributions to the adult population in Lake Michigan would remain relatively 

inconsequential. If habitat improvements increased abundance of juvenile steelhead by two or 

three-fold, the increase would still be negligible. As previously discussed, large-scale watershed 

level, habitat manipulations likely be required to improve the availability of spawning and 

juvenile habitat for steelhead. Roni et al. (2010) posited that complete (100%) habitat overhaul 

would need to be completed to increase salmonid populations by 25%, based on many habitat 

projects conducted in Washington and Oregon. 

 While salmon fishing is popular in the open waters of Lake Michigan, the majority of 

anglers specifically targeting steelhead fish in the tributaries of Lake Michigan. As such, future 

management and research related to steelhead should focus on identifying the sources of fish that 

support these tributary fisheries. My results suggest that few wild fish will leave and return to my 

six study streams, but these streams support popular seasonal fisheries for adult steelhead. The 

origins of these fish are not fully known. Stocking is the most likely source of adult steelhead 

returning to Wisconsin streams. Therefore, a reduction in stocking would likely mean a reduction 

in the number of steelhead available for anglers in Wisconsin tributaries to Lake Michigan. 

Future research should focus on the fate of steelhead after stocking and determine if they are the 

primary source of adult fish returning to Wisconsin tributaries to Lake Michigan, or if straying of 

fish from other locations is important.   
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Table 1. Mean abundance estimates per 100 m (with standard error) based on multiple-pass depletion surveys in 

2016 and 2017 for age-0 and age-1+ steelhead and Coho Salmon. Population estimates (PE) were calculated by 

extrapolating fish per 100 m to the entire length of individual streams (with 95% confidence limits). NA indicates 

that calculations were not made due to low catches.    

Year 

Stream 

Number of 

100 m Sites 

Steelhead per 

100 m (SE) 

Coho per 

100 m (SE) Steelhead PE (95% CL) Coho PE (95% CL) 

2016 Pigeon Creek 5 8.4(3.7) NA 919 (120-1,718) NA 

 Sauk 6 1.3(0.9) NA 333 (0-768) NA 

 Willow 5 8.8(5.4) 25(15.7) 708 (0-1569) 2,012 (0-4,498) 

 Fischer 6 10.8(6.3) NA 1,043 (0-2,240) NA 

 Stony 6 24.0(14.7) NA 5,330 (0-11,749) NA 

 Hibbard 5 9.6(3.5) NA 819 (230-1,407) NA 

2017 Pigeon Creek 5 2.2(1.8) 1(0.9) 241 (0-613) 109 (0-306) 

 Sauk 5 9(5.5) 1.4(0.9) 2,303 (0-5,067) 358 (0-793) 

 Willow 5 9(5.5) 4.6(2.1) 724 (0-1,593) 370 (48-692) 

 Fischer 6 13(5.6) NA 1,255 (193-2,317) NA 

 Stony 5 66.6(26.4) 5.3(3.3) 14,791 (3,287-26,295) 1,177 (0-2,643) 

 Hibbard 5 15.2(11.1) 0 1,296 (0-3,147) 0 
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Table 2. Mean abundance estimates per 100 m (with standard error) based on multiple-pass depletion surveys in 

2016 and 2017 for age-0 and age-1+ steelhead and Coho Salmon. Population estimates (PE) were calculated by 

extrapolating fish per 100m to the length of stream from the mouth to the upper most point where juvenile 

salmonids were collected (with 95% confidence limits). NA indicates that calculations were not made due to low 

catches.    

Year 

Stream 

Number of 

100m Sites 

Steelhead per 

100m (SE) 

Coho per 

100m (SE) Steelhead PE (95% CL) Coho PE (95% CL) 

2016 Pigeon Creek 5 8.4(3.7) NA 315 (41-589) NA 

 Sauk 4 2.0(1.2) NA 84 (0-181) NA 

 Willow 4 11.0(6.3) 31.3(18.4) 282 (0-599) 801 (0-1,723) 

 Fischer 4 16.3(8.2) NA 518 (6-1,026) NA 

 Stony 4 36.0(19.5) NA 1,093 (0-2,252) NA 

 Hibbard 5 9.6(3.5) NA 819 (230-1,407) NA 

2017 Pigeon Creek 5 2.2 (1.8) 1(0.9) 83 (0-210) 38 (0-105) 

 Sauk 4 11.3 (6.4) 1.8(1.0) 476 (0-1,006) 76 (0-160) 

 Willow 4 11.3 (6.4) 5.8(2.2) 289 (0-607) 148 (36-259) 

 Fischer 5 15.6 (6.1) NA 807 (186-1,427) NA 

 Stony 4 83.3 (27.2) 6.7(3.9) 2,528 (904-4,149) 203 (0-434) 

 Hibbard 5 15.2 (11.1) 0 1,296 (0-3147) 0 
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Table 3. The percentage of data collection points occurring within suitable habitat ranges for individual variables 

(depth, flow, large substrate, medium substrate, and fine substrate) at individual habitat sampling sites on six 

research streams. Also, the percent of data collection points meeting all five variable categories (depth + flow+ 

substrate) at individual habitat sampling sites. Suitable habitat for age-0 steelhead based on stream habitat surveys 

and suitable habitat ranges determine from measurements taken at locations where ≥ 3 age-0 steelhead were 

collected during backpack electrofishing surveys.   

Stream - Site 

Suitable 

Depth 

Suitable 

Flow 

Suitable 

Large 

Substrate 

Suitable 

Medium 

Substrate 

Suitable Fine 

Substrate 

Suitable 

Depth + 

Flow + 

Substrate 

Pigeon - Site 1 40.3% 15.3% 15.3% 25.0% 75.0% 2.8% 

Pigeon - Site 2 33.3% 23.6% 9.7% 40.3% 56.9% 1.4% 

Sauk - Site 1 30.6% 20.8% 44.4% 62.5% 97.2% 0.0% 

Sauk - Site 2 33.3% 22.2% 55.6% 77.8% 84.7% 11.1% 

Willow - Site 1 48.6% 2.8% 16.7% 2.8% 2.8% 0.0% 

Willow - Site 2 29.2% 23.6% 23.6% 31.9% 79.2% 0.0% 

Fischer - Site 1 36.1% 29.2% 6.9% 25.0% 5.6% 0.0% 

Fischer - Site 2 50.0% 2.8% 22.2% 51.4% 1.4% 0.0% 

Stony - Site 1 50.0% 55.6% 48.6% 80.6% 69.4% 5.6% 

Stony - Site 2 12.5% 44.4% 30.6% 34.7% 33.3% 0.0% 

Hibbard - Site 1 11.1% 58.3% 22.2% 23.6% 6.9% 0.0% 

Hibbard - Site 2 19.4% 48.6% 11.1% 38.9% 48.6% 4.2% 
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Table 4. Suitable habitat for age-0 steelhead based on stream habitat surveys and suitable habitat ranges determine 

from measurements taken at locations where ≥ 3 age-0 steelhead were collected during backpack electrofishing 

surveys. The total area of suitable habitat per stream was calculated using the area of each stream from the mouth 

to the furthest point up stream that juvenile salmonids were collected.  

Stream Suitable Habitat (m2) Stream Area to Last 

Salmonid Sampled (m²) 

Suitable Habitat (%) 

Pigeon 359 17,250 2.1 

Sauk 1614 29,049 5.6 

Willow 0 12,032 0 

Fischer 0 15,510 0 

Stony 573 20,638 2.8 

Hibbard 889 42,650 2.1 
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Table 5. Number and species of fish implanted with PIT tags in individual streams in 2016 and 2017. Total fish 

tagged during research period and average total length (TL; mm) and range (in parentheses) of tagged fish with 

minimum and maximum lengths. Tagged fish were collect using backpack electrofishing. Age-0 steelhead were 

defined as ≤ 105 mm TL, Coho Salmon ≤ 120 mm TL and Brown Trout ≤ 105 mm TL. 

Stream Species Count 2016 (2017) Total Tagged 

 

% age-0 Average TL  

Willow Brown Trout 5 (0) 5 100 92.0 (86-97) 

 Coho Salmon 38 (0) 38 100 88.1 (75-106) 

 Steelhead  63 (0) 63 100 85.2 (75-111) 

Stony Brown Trout 7 (8) 15 66.7 118.9 (80-302) 

 Coho Salmon 3 (11) 14 100 88.6 (80-102) 

 Steelhead  174 (271) 445 57.1 114.8 (76-407) 

Hibbard Coho Salmon 0 (1) 1 100 100 

 Steelhead  66 (153) 219 67.1 114.5 (78-340) 
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Table 6. Dates and average length of steelhead used in four instream trials conducted to determine PIT tag 

retention and mortality related to tagging. Twenty steelhead were used for each trial and fish were held for 24 h. 

Number of dead fish and numbers of PIT tags lost are reported.     

Trial 

Number Date  

Mean Length of 

Tagged Fish 

(mm) 

Mean Length of 

Reference Fish (mm) Tag Loss 

Mortality 

(tagged) 

Mortality 

(non-tagged) 

1 8/15/2017 118 121.3 0 0 0 

2 9/12/2017 105 90.7 0 0 1 

3 9/25/2017 90.1 84 0 0 0 

4 9/25/2017 85.8 87.3 0 0 0 
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Table 7. Detection and outmigration events recorded from PIT tag monitoring systems operated in September-

November 2016 and April to November 2017 (Willow only until September 2017). The total number of fish 

tagged includes all fish tagged in 2016 and 2017 combined. Detection and outmigration percent is the proportion 

of total tagged fish that were either detected or assumed to have outmigrated based on sequential detections on 

antennas, followed by no additional detections.  

Stream Species Total Tagged 

Total 

Detections Total Outmigrants 

Detections 

(%) 

Outmigration 

(%) 

Willow Brown Trout 5 4 4 80.0 80.0 

 Coho Salmon 38 4 2 10.5 5.3 

 Steelhead 63 2 1 3.2 1.6 

Stony Brown Trout 15 0 0 0.0 0.0 

 Coho Salmon 14 0 0 0.0 0.0 

 Steelhead 445 57 13 12.8 2.9 

Hibbard Coho Salmon 1 0 0 0.0 0.0 

 Steelhead 219 16 3 7.3 1.4 
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Table 8. Specific dates and time of day that individual PIT tagged fish were assumed to have outmigrated from 

streams. Date tagged, total length, species, and PIT ID were recorded at the time of tagging. All fish were 

implanted with 12-mm HDX PIT tags. 

Date 

Tagged Stream Species 

Length 

(mm) PIT ID Outmigration Date Outmigration Time 

9/13/2016 Willow Brown Trout 96 900226000894612 4/15/2017 3:01 

9/13/2016 Willow Steelhead 96 900226000894658 4/15/2017 17:07 

9/26/2016 Willow Brown Trout 97 900226000894723 4/16/2017 1:15 

9/26/2016 Willow Brown Trout 97 900226000894621 4/20/2017 2:52 

9/26/2016 Willow Coho 85 900226000894643 5/9/2017 19:32 

9/26/2016 Willow Coho 106 900226000894737 5/9/2017 23:03 

9/26/2016 Willow Brown Trout 84 900226000894715 5/28/2017 21:03 

9/1/2016 Stony Steelhead 100 900226000894637 9/10/2016 20:32 

9/12/2017 Stony Steelhead 196 900226000924377 9/12/2017 22:47 

9/12/2017 Stony Steelhead 300 900226000894759 9/13/2017 19:11 

8/15/2017 Stony Steelhead 146 900226000894767 9/13/2017 22:44 

8/15/2017 Stony Steelhead 130 900226000894872 9/16/2017 2:29 

9/12/2017 Stony Steelhead 147 900226000924342 9/16/2017 3:00 

9/12/2017 Stony Steelhead 89 900226000924372 9/17/2017 3:26 

9/12/2017 Stony Steelhead 88 900226000924252 9/17/2017 5:14 

8/15/2017 Stony Steelhead 116 900226000894959 9/27/2017 18:22 

9/25/2017 Stony Steelhead 83 900226000924537 10/8/2017 5:15 

9/12/2017 Stony Steelhead 193 900226000894859 11/8/2017 20:23 

9/12/2017 Stony Steelhead 84 900226000924265 11/11/2017 14:52 

9/12/2017 Stony Steelhead 152 900226000924321 11/19/2017 0:58 

9/14/2016 Hibbard Steelhead 92 900226000894581 10/22/2016 5:46 

10/3/2016 Hibbard Steelhead 157 900226000894558 4/26/2017 22:14 

9/13/2017 Hibbard Steelhead 107 900226000924391 10/17/2017 14:40 
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Figure 1. Six Wisconsin streams selected for sampling juvenile salmonids in 2016 and 2017. PIT tag 

monitoring systems were constructed on Willow, Stony and Hibbard creeks. 

 

 

 

  



43 

 

 

 

Figure 2. Schematic for a one simple antenna as part of a PIT tag monitoring system build across the 

width of a stream (Courtesy of Oregon RFID). My monitoring systems consisted of a pair of these 

antenna loops located near the mouth of each stream.  

 

 

Figure 3. Passive Integrated Transponder (PIT) tag monitoring system with one Oregon RFID® multiple-

antenna half-duplex (HDX) reader powered by two 12-volt deep cycle marine batteries (picture left). 

Connect to the reader are antennas consisting of an Oregon RFID® ATC auto tuner (pictured middle) a 

loop of 8-gauge audio cable (pictured right) above the stream and on the bottom of the stream.  
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Figure 4. Large storage tote used to conduct instream trials to determine tag loss and mortality if PIT 

tagged juvenile steelhead. Tote was placed in Stony Creek with large rocks on top (left) and inside (right) 

of the tote to keep it in place.  
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Figure 5. Length frequency distributions of steelhead collected during backpack electrofishing conducted 

on six research streams in 2016. Dotted lines indicate length-based delineation between age-0 and age 1+ 

fish. All juvenile steelhead ≤ 105 mm were considered age-0 and age 1+ were all fish > 105 mm.   
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Figure 6. Length frequency distributions of steelhead collected during backpack electrofishing conducted 

on six research streams in 2017. Dotted lines indicate length-based delineation between age-0 and age 1+ 

fish. All juvenile steelhead ≤ 105 mm were considered age-0 and age 1+ were all fish > 105 mm.   
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Figure 7. Length frequency of Coho Salmon collected during backpack electrofishing conducted on six 

research streams in 2016. Two research streams (Pigeon and Sauk creeks) not included here were sampled 

but no Coho Salmon were collected. Dotted lines indicate length-based delineation between age-0 and age 

1+ fish. All juvenile Coho Salmon ≤ 120 mm were considered age-0 and age 1+ were all fish > 120 mm.   
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Figure 8. Length frequency of Coho Salmon collected during backpack electrofishing conducted on six 

research streams in 2017. One research stream (Hibbard Creek) not included here was sampled but no 

Coho Salmon were collected. Dotted lines indicate length-based delineation between age-0 and age 1+ 

fish. All juvenile Coho Salmon ≤ 120 mm were considered age-0 and age 1+ were all fish > 120 mm.   
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DATE 

Figure 9. Hourly temperature data for six research streams monitored from April 2016 – April 2017 with 

temperature loggers. Data from multiple locations are combined in each plot with the total number of 

temperature logger sites as follows: Pigeon = 2 Sites, Sauk = 3 sites, Willow = 3 sites, Fischer = 1 site, 

Stony = 3 sites, Hibbard = 3 sites. Gray dashed lines represent juvenile steelhead thermal of 27° C 

(Sullivan et al. 2000) and 24°C (Bear et al. 2007).  
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DATE 

Figure 10. Hourly temperature data for six research streams monitored from May 2017 – October 2017 

with temperature loggers. Data from multiple locations are combined in each plot with the total number of 

temperature logger sites as follows: Pigeon = 3 Sites, Sauk = 3 sites, Willow = 3 sites, Fischer = 3 sites, 

Stony = 3 sites, Hibbard = 2 sites. Gray dashed lines represent juvenile steelhead thermal limit of 27° C 

(Sullivan et al. 2000) and 24°C (Bear et al. 2007).  
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