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Introduction

In 2002, fisheries and water resources management staff conducted a comprehensive survey of the upper Sugar River, defined as the stretch of the river upstream from Belleville Millpond to the headwaters originating just northeast of Mount Horeb.  Ten sites were surveyed in response to water quality and fisheries assemblage data which indicated the thermal regime of the Upper Sugar River to have cooler water temperatures than historical accounts which had showed the river to be a warmer water system containing fish such as walleye and smallmouth bass (Amrhein, 2004).
Based on the data collected from these surveys, the water resources staff proposed reclassification of the Upper Sugar River from Frenchtown Road to the headwaters as a cold water resource in 2004 (Ibid).  Correspondingly, in 2005, fisheries proposed to classify the same stretch of river as a Class II trout water (Welke, 2005).  While the water resources classification was not acted upon, the river was designated as a Class II trout stream in 2008.

In September, 2010, a fish kill was reported upstream of Paulson Road.  Several hundred brown trout were found to be dead, along with numerous mottled sculpin.  Dead fish were found at each road crossing checked, all the way up to Domini Road.  Above Domini Road – and particularly upstream of Sugar Valley Road, no dead fish were found.  Subsequently, department staff conducted electofishing surveys at the headwaters of the Sugar River upstream from Domini Road and including several tributaries of the upper Sugar River.  No fish were found in these surveys despite their being suitable flow and habitat.  

This finding, along with lack of contemporary data on other sites on the Upper Sugar River and especially since the river was designated as trout water, led water resources staff to conduct a survey of the fishery assemblage at multiple sites in 2011.

Methods

Fisheries surveys were conducted on 11 sites (Figures 1a and 1b) in 2011, mostly correlated with road crossings starting at Frenchtown Road and moving upstream.  Six of the survey sites correlated to sites sampled in 2002.  Fisheries assemblage was determined by electoshocking a length of stream a minimum of 35 times the mean stream width.  A stream tow barge with a generator and two probes was used as most sites.  At Domini Road and sites upstream, a backpack shocker and single probe was used.  All fish were collected, identified, and counted.  All gamefish were measured for length.  At each site qualitative notes on average stream width and depth, riparian buffers and land use, evidence of sedimentation, fish cover, and potential management options were also recorded.  
Figures 1a and 1b: Sugar River Sampling Sites
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Sites: 1) Frenchtown Road; 2) Downstream CTH A; 3) Upstream CTH A; 4) Sarbacher’s Farm; 5) Range Trail Road*; 6) Bruce Company; 7) STH 69*; 8) Riverside Road; 9)Valley Road*; 10) White Crossing Road; 11) Paulson Road; 12) CTH J*; 13) Valley Spring Road; 14) CTH S&P; 15) Morningwood Farms Nursery (Off Domini Road).                        * Sampled in 2002 only

Results

Because the study area represents nearly 30 miles of stream, the morphology changes dramatically from the headwaters to the lower end of the studied section.  Likewise, the fishery assemblage varies as well.  Species assemblage decreases as one moves upstream, no doubt partially due to these changes in stream size and morphology and also likely differences in temperature.  The mean stream width at the lower sites, such as between Frenchtown Road and Riverside Road, is approximately 11-12 meters.  The headwaters sites are approximately 1.5 – 2.5 meters wide.
As Table 1 shows, no fish were found at Sugar Valley Road and upstream from that point.  The number of species encountered varied from 2 at the Morningwood Nursery site and CTH S/P to 16 at Frenchtown Road*.  Most sites contained from 4 to 7 species, with the exception being at Sarbacher’s Farm, Bruce Company and Riverside Road which had from 9 to 11 species.  Brown trout were found at all sites except CTH S&P, and Sugar Valley Road.  White Suckers were found at all sites except the 3 most upstream sites.  Mottled sculpin, a stenothermal coldwater species were absent until Riverside Road.  Upstream from there, they were found at all sites except Sugar Valley Road.  Common carp were present at all sites from Frenchtown Road up to Riverside Road, but absent upstream from there.  While the Sarbacher’s, Bruce Company, and Riverside Road sites had several more species than downstream at CTH A and upstream from there, these additional species were generally made up of a few individuals. The exception was the higher numbers of shorthead redhorse found at Sarbacher’s and Bruce Company sites. In fact, shorthead redhorse made up nearly 20 percent of the overall fish numbers at Sarbacher’s.  Of the six sites that were comparable from 2002 to 2011 (Table 2), four of the six sites had a net loss of species from 2002 to 2011.
* It should be noted that species assemblage might be influenced (limited) to some extent in the lower sections of the studied area because of the presence of the dam at Belleville.  This dam precludes upstream movement of fish species from below the dam.  A survey conducted in 2007 below the Belleville dam showed the presence of 30 species.
Discussion
The surveys completed in 2011 allow one to assess several different aspects of the upper Sugar River fish community, including spatial and temporal differences in the data, index of biotic integrity (IBI) comparisons, as well as a look at the structure of the trout population.

The most troubling finding of this study was the lack of any fish found in the upper 2 miles of the Sugar River or its contributing headwater tributaries.  Following the September, 2010 fish kill, biologists surveyed the upper reaches of the Sugar River, upstream of Domini Road, and an unnamed tributary (WBIC = 5036143) which has its origin near Witte Road and CTH S.  Not only was there a lack of signs of dead fish from the kill, but backpack shocker surveys conducted several days later revealed no living fish present despite finding living fish further downstream.  The 2011 survey included 2 sections of river upstream of Sugar Valley Road and confirmed the lack of fish in this portion of the river, despite adequate flow and habitat.  The lack of dead fish in otherwise suitable habitat suggests that fish from this area were previously killed or otherwise extirpated from this upper section of river and unable to repopulate the area.  Several portions of the river near Domini Road flow through wooded corridors.  Blow downs of these trees have created several natural “dams” across the river resulting in head height differences of 12 to18 inches (Amrhein, personal observation).  It is possible these dams could be difficult to overcome, especially by small fish of limited motility such as brook stickleback and mottled sculpin – the species most likely to inhabit these small, cool headwaters – thus making re-habitation slow or impossible.  Also of note was that there were considerably fewer numbers of fish collected at White Crossing Road, Paulson Road, and Valley Spring Road in 2011 compared to 2002, even when normalized for differences in station length.  It is not clear whether this is a residual effect of the 2010 fish kill.  

Common carp continue to be prevalent in the lower 12 miles of the upper Sugar River.  Surveys conducted in 2002 and 2011 show the presence of carp from Frenchtown Road upstream to Riverside Road.  It is believed that the warm shallow waters of Lake Belleville served as a breeding and nursery area for carp in this system.  In winter 2010/2011, a project to separate Lake Belleville from the river was completed.  It is unknown at this time what, if any, effect this will have on carp populations in the lower river.  This survey conducted in summer, 2011 was probably too soon to assess this impact.  Upstream from Riverside Road, it would appear as if carp populations decrease significantly and are non-existent at sites sampled upstream of U.S. Highway 18/151.  It is unsure whether this is the result of a change in stream morphology and thus available habitat, stream temperature, or both.
Coldwater IBI scores (Lyons, et. al., 1996) were calculated for all sites where data was collected in 2011 (Table 3).  All scores ranged from 10 (poor) to 40 (fair). Species tolerant of disturbed habitat, especially white suckers, made up over 50% of the fish assemblage at many of the sites.  Brook trout were not present at any of the sites.  In comparing the sites sampled in 2002 vs. 2011 (Table 4), four of the six sites showed no net change in IBI score, however, there were changes in several of the metrics making up the IBI score at two of those four sites. At Valley Spring Road, the percent stenothermal score decreased, but the top level carnivore score increased, resulting in the same score of 40 or “fair” for the coldwater IBI.  At White Crossing Road, the number of intolerant species decreased, but the percent top level carnivore increased, resulting in a coldwater IBI score of 30 or “fair”.  At this site, the number of intolerant species changed as the result of a single Iowa Darter being found in 2002.  Iowa Darters are intolerant, but not a coldwater indicator species.  At the 2 sites where the coldwater IBI decreased in 2011 compared to 2002, Sarbacher’s Farm and Bruce Company, the change was due to a decrease in intolerant species – namely mottled sculpin.  As noted in Table 2, in 2002 mottled sculpin were found at these two sites only in small numbers. The remaining intolerant species was the northern hog sucker, which is not a coldwater indicator species.  Overall, the range of differences in IBIs between 2002 and 2011 are well within the error for this metric and not considered significant.
Table 3: Coldwater IBI Scores for Upper Sugar River Sites Sampled in 2011

	Site #
	Intolerant

Species

# / Score
	Tolerant

% / Score
	Top Level Carnivore

% / Score
	Stenothermal

% / Score
	Brook Trout

% / Score
	Score

(Rating)

	Morningwood

Farms Nursery
	1 / 10
	0 / 20
	20 / 10
	100 / 20
	0 / 0
	60 (Good)*

	CTH S&P
	1 / 10
	10 / 10
	0 / 0
	100 / 20
	0 / 0
	40 (Fair)

	Valley Spring Road
	1 / 10
	17 / 10
	17 / 10
	84 / 10
	0 / 0
	40 (Fair)

	Paulson
Road
	1 / 10
	57 / 0
	14 / 0
	43 / 10
	0 / 0
	20 (Poor)

	White Crossing Rd.
	1 / 10
	40 / 0
	18 / 10
	60 / 10
	0 / 0
	30 (Fair)

	Riverside Road
	1 / 10
	80 / 0
	12 / 0
	19 / 0
	0 / 0
	10 (Poor)

	Bruce Company.
	1 / 10
	63 / 0
	30 / 10
	30 / 0
	0 / 0
	20 (Poor)

	Sarbacher,s Farm
	1 / 10
	54 / 0
	23 / 10
	24 / 0
	0 / 0
	20 (Poor)

	Upstream
CTH A
	1 / 10
	77 / 0
	16 / 10
	16 / 0
	0 / 0
	20 (Poor)

	Downstream
CTH A
	1 / 10
	84 / 0
	11 / 0
	11 / 0
	0 / 0
	10 (Poor)

	Frenchtown Rd.
	1 / 10
	77 / 0
	14 / 0
	14 / 0
	0 / 0
	10 (Poor)


* Minimum number of fish not met to officially calculate this metric
Table 4: Coldwater IBI Scores for Comparable Sites in 2002 and 2011

	Site
	Intolerant

Species

# / Score
	Tolerant

% / Score
	Top Level Carnivore

% / Score
	Stenothermal

% / Score
	Brook Trout

% / Score
	Score

(Rating)

	Valley Spr
	1 / 10
	14 / 10
	2 / 0
	86 / 20
	0 / 0
	40 (Fair)

	Valley Spr
	1 / 10
	17 / 10
	17 / 10
	84 / 10
	0 / 0
	40 (Fair)

	Paulson Rd
	1 / 10
	53 / 0
	3 / 0
	47 / 10
	0 / 0
	20 (Poor)

	Paulson Rd
	1 / 10
	57 / 0
	14 / 0
	43 / 10
	0 / 0
	20 (Poor)

	White Cros
	2 / 20
	44 / 0
	10 / 0
	53 / 10
	0 / 0
	30 (Fair)

	White Cros
	1 / 10
	40 / 0
	18 / 10
	60 / 10
	0 / 0
	30 (Fair)

	Bruce Co.
	2 / 20
	57 / 0
	17 / 10
	18 / 0
	0 / 0
	30 (Fair)

	Bruce Co.
	1 / 10
	63 / 0
	30 / 10
	30 / 0
	0 / 0
	20 (Poor)

	Sarbachers
	2 / 20
	54 / 0
	16 / 10
	17 / 0
	0 / 0
	30 (Fair)

	Sarbachers
	1 / 10
	54 / 0
	23/ 10
	24 / 0
	0 / 0
	20 (Poor)

	Frenchtown
	1 / 10
	53 / 0
	4 / 0
	4 / 0
	0 / 0
	10 (Poor)

	Frenchtown
	1 / 10
	77 / 0
	14 / 0
	14 / 0
	0 / 0
	10 (Poor)


2011 IBIs in Yellow; Red text indicates a difference
When comparing downstream to upstream, there is a diffident increase in coldwater IBI score at the upstream sites and species diversity decreases, which is typical of a true coldwater system (Ibid).  Overall, even at the most upstream sites, the Sugar River is a modest true coldwater system.  This suggests that much of the upper Sugar River is a 

coolwater transitional system. Indeed, the natural communities model (Lyons, 2008) predicts this to be the case.  From Lake Belleville upstream to Badger Mill Creek, the model predicts the river to be a cool-warm transitional water.  From Riverside Road up to a half mile below the confluence with Schlapbach Creek, the model shows the stream to be a cool-cold transitional water.  Upstream from this point, the Sugar River is purported to be a cold headwater.  

Over the past 10 years, new information has been shed on the potential of many streams in the driftless area.  Modeling of stream flow and temperature has shown that instead of trying to categorize the streams in this region as “warm” or “cold” and using those specific biotic indices to measure their quality, new information suggests that these streams should be considered “coolwater transitional”, that is, they have summer water temperatures suitable for both coldwater and warmwater species (Lyons, et. al. 2009). Because many waters in the driftless area may not be well represented as either true coldwater or warmwater systems, these two respective IBI metrics may not be entirely appropriate for waters which may be coolwater transition (Ibid).  In the past, many streams where trout were found were considered as “poor” to “fair” degraded coldwater streams, because they had more diverse communities, some habitat tolerant species, and sometimes good brown trout fisheries. Based on current modeling data, it may be more appropriate to consider them as “good” coolwater systems while keeping in mind that water temperature is only one factor affecting species assemblage.  Coolwater systems are more variable and lack diagnostic species.  They are generally intermediate in species richness and overlapped in composition with coldwater and warmwater streams.  In cold-cool transition streams, coldwater species (salmonids and cottids) and transitional species (creek chub, white sucker, and johnny darter) are common, with warmwater species uncommon (Lyons, et. al., 2009).   The coolwater IBI (Lyons, in draft) was also applied to all stream sites sampled in 2002 and/or 2011 (Table 5).  
Between sites, the cool-cold and cool-warm IBIs were more consistent in 2002 throughout the study area compared to 2011. The cool-cold IBIs are consistent in 2002, but generally decreased from upstream to downstream in 2011. The cool-warm and cool-cold IBI scores vary little from each other at each respective site until one moves upstream of U.S. Highway 18/151. Above that point (White Crossing Road and upstream), the cool-cold and cool-warm scores begin to differentiate. This is consistent with the model showing the river transitioning from cool-warm to cool-cold as one proceeds further upstream and again supports the idea that the upstream 10 miles of the upper Sugar River is a “good” cool-cold community.
Between years of comparable sites, the cool-cold and cool-warm IBIs tended to be lower in 2011 than 2002.  IBI differences of 10 points or so are within the variability of the metric (Lyons, personal communication) and shouldn’t be considered significant.  As a whole, however, there was an overall trend of lower coolwater IBI scores in 2011 compared to 2002. This was due to a variety for reasons that varied by site.  In some cases, the reason was the result of a random finding (such as finding a single specimen of the intolerant Iowa darter at one site in 2002).  In general, this decrease in IBI score was mostly due to a decrease in the number of coolwater species as well as a decrease in the number of invertivores.  For instance, in 2002, surveys conducted in 2002 showed a significant number of johnny darters, a benthic invertivore, at the Bruce Company and Frenchtown Road sites.  In 2011, none were found at either of these sites.  There were four sites where the coolwater IBI scores were significantly lower (20 or more points) in 2011.  One could assume this suggests environmental degradation.  However, caution should be used when making this assertion because, 1) it is difficult to compare studies conducted almost a decade apart especially when considering differences in effort (equipment and station length), and 2) many of the coolwater species that were absent from the 2011 study were present only in small numbers in the 2002 study, so their presence or absence may be attributed to a chance occurrence.  The exception to this would be the aforementioned absence of significant numbers of johnny darters that were present a several sites (Frenchtown Road, Sarbachers, and Bruce Company) in the lower sections of the study area in 2002 but not in 2011.

Based on historical trends, if one were to hypothesize that the upper Sugar system was continuing a transition toward a colder thermal regime, one would expect a decrease in the number of species overall and an increase in the coldwater IBI as the system becomes more dominated by intolerant species and cool or coldwater species, with trout becoming the prevalent fish species.  Indeed, there were significantly fewer species of fish found at four of the six comparable sites. However, the coldwater IBIs did not change significantly over the past 9 years.  The biotic integrity of the remaining species is also an issue contributing to the overall score.  White suckers and other tolerant species are also very common in waters considered to be coolwater transitional systems. While some sections of the upper Sugar River have been ditched or channelized and/or lie in an area of intensive agriculture, it is possible the upper Sugar River is manifesting itself as the coolwater system that the model predicts it to be, and further changes toward a cold water system are not to be expected.
Another aspect of this study was to compare populations and age structure of brown trout between 2002 and 2011, especially since it had been designated a trout stream in 2008, therefore alerting more anglers to the fact that brown trout were an available fishery.
Because different lengths of stream were sampled, the most effective way to normalize the data is by comparing trout populations using a catch-per-unit-effort (CPE) which can be broken down by length of stream sampled or time of sampling effort.  Because there were two comparable sites (Frenchtown Road and Bruce Company) that were sampled in 2002 using 3 probes instead of 2 (all sites in 2011 were sampled using 2 probes) and sampling time was recorded inconsistently in 2002, it was felt breaking down fish populations by number of trout per mile would best for comparing data (Table 6).
Trout numbers, as normalized by CPE, increased at all sites.  In some cases, the density doubled from 2002.  This shows that brown trout in the upper Sugar River are doing well from a population standpoint and despite the 2010 fish kill in the upper portion of the studied section.

Table 6:  Trout Populations for Comparable Sites in 2002 and 2011

	Site (year)
	Meters (mi) sampled
	Trout Captured
	CPE (Trout/mile)

	Valley Spring Rd (2002)
	244 (0.15)
	6
	40

	Valley Spring Rd (2011)
	164 (0.10)
	11
	108

	Paulson Road (2002)
	228 (0.14)
	13
	92

	Paulson Road (2011)
	138 (0.09)
	22
	257

	White Crossing Rd (2002)
	317 (0.20)
	33
	168

	White Crossing Rd (2011)
	217 (0.14)
	24
	178

	Bruce Company (2002)*
	620 (0.39)
	176
	457

	Bruce Company (2011)
	440 (0.27)
	170
	621

	Sarbachers Farm (2002)
	309 (0.19)
	103
	542

	Sarbachers Farm (2011)
	350 (0.22)
	129
	586

	Frenchtown Road (2002)*
	637 (0.40)
	48
	121

	Frenchtown Road (2011)
	400 (0.25)
	51
	205


* Three probes used.  Two probes used at all other sites and years.
  Sites known to be affected by 2010 fish kill

To further evaluate the health of the trout fishery, one must also look at populations of the various year classes of trout.  Lengths of trout were used to break out year classes (Figure 2).  Typically, a healthy trout fishery consists of a number of young-of-the-year (y.o.y.) trout indicating some level of reproduction, along with strong populations of 2+ to 3+ year old fish.  The populations then gradually decrease with each respective year class until there are only a few specimens of older fish.
Figure 2: Brown Trout Length Frequency in 2011
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As the figure shows, six sites showed some population of y.o.y. trout (0-4.5 inches). Since the Sugar River is currently not stocked, these indicate some degree of natural reproduction throughout the upper Sugar River.  Most sites also showed the typical size structure.  One exception to this was White Crossing Road, where the numbers of older (larger) size trout were preferential over the smaller ones.  No trout were found at two of the upper most stations - CTH S/P and Sugar Valley Road.  It is unknown if this was a residual effect of the fish kill or other reasons.

In comparison to 2002, the size structure of the trout populations was fairly similar   (Figure 3a – 3f).   There were a few exceptions to this.  At the Bruce Company site, there were 6 times the numbers of y.o.y. in 2002 as compared to 2011.  However, there were over twice as many 1+ year old trout in 2011 compared to 2002.  There were other differences such as lack of y.o.y. in 2011 at Paulson Road, but as trout numbers begin to decrease (i.e. three or fewer individuals per year class) at the further upstream sites, the variability appears more pronounced, but may not be significant.   
Figure 3a: Length Frequency in 2011 vs. 2002 at Valley Spring Road
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Figure 3b: Length Frequency in 2011 vs. 2002 at Paulson Road
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Figure 3c: Length Frequency in 2011 vs. 2002 at White Crossing Road
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Figure 3d: Length Frequency in 2011 vs. 2002 at Bruce Company Site
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Figure 3e: Length Frequency in 2011 vs. 2002 at Sarbacher’s Farm
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Figure 3f: Length Frequency in 2011 vs. 2002 at Frenchtown Road
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Conclusions:

The 2011 monitoring of the upper Sugar River allowed biologists to look at the composition of the natural community, assess the fishery using new metrics, and where possible, compare the fishery assemblage to the previous assessment conducted in 2002.  The contemporary data indicated:

- The natural community model predicts that the upper Sugar River is a coolwater transitional community which seems to be borne out by fishery community. 
- The hypothesis that a continued shift to a colder water community over the past 9 years does not appear to be supported.  The coldwater IBIs were essentially unchanged and overall coldwater IBI scores were a modest “fair” at best.  One could argue that the lower cold and coolwater IBI scores found in 2011 compared to 2002 seem to show a lower valued coolwater community and that this could this be an indicator of environmental degradation.  However, closer inspection of the data suggests that the net change in IBI score is for the most part within the limits of error of the metric.  More frequent monitoring of a subset of sites would have a better chance of detecting environmental change and determining if that change is due to natural factors or environmental degradation.

- Trout density increased over the past 9 years and there were no major changes in trout population dynamics (age structure) from 2002 to 2011 despite changes in the fishery designation of the Sugar River as a Class II trout water in 2008.  It could be argued that larger trout (< 14 inches) were present in fewer numbers in 2011 at sites like Sarbachers and Frenchtown Road.  However, numbers of these fish were relatively low in 2002, so determining the effect of angler harvest on these larger fish based off this study would be speculative at best.  While trout density increased at all sites, it is unknown what kind effect the fish kill had on the upper sections of the river as it is unknown what populations of trout existed in these sections prior to the fish kill.
- The lack of fish in headwaters is a concern.   The Department should work with the riparian landowners and the Dane County Land Conservation Department to improve this section of river by managing nonpoint source pollution (animal waste and sediment loss) and work to improve the corridor by stabilizing the banks and removing impediments to fish movement.

- While not necessarily related to this study, a question remains: what would the species assemblage of the upper Sugar River, in particular downstream from STH 18/151, resemble if fish passage were allowed at Belleville?  A 2007 survey showed the presence of 30 species of fish, including smallmouth bass, northern pike, walleye channel catfish, bluegill, black crappie, and 21 nongame species.  Would the species assemblage resemble that of below the dam if fish passage could be generated? 
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