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Introduction
The Galena River Watershed lies in southwestern Lafayette County and southern Grant County. It is a relatively large watershed of about 242 square miles. Of the 260 miles of streams in the watershed, 115 stream miles are classified as warm water sport fishery. Thirty-five miles of the Galena River are considered Exceptional Resource Waters (ERW) under state administrative rules. The existing biological uses of about 120 miles of smaller streams in the watershed have not been formally determined (WDNR, 2001). 

Four streams in the watershed are on Wisconsin’s impaired waters list as required by section 303(d) of the federal Clean Water Act (CWA). Those four are Bull Branch, Diggings Creek, Louisburg Creek, and an unnamed tributary to Shullsburg Branch (WBIC = 937800).  Diggings Creek and the tributary to Shullsburg Branch are listed due to the continued effects from the mining waste piles in the area. The others are listed due to loss of habitat resulting from sedimentation due to non-point sources of pollution.

Overall, the watershed is ranked as a high priority for non-point source pollution abatement needs.  In addition, groundwater is considered to have a high potential for contamination.

Agriculture is the dominant land use in the watershed. Runoff from agricultural fields and barnyards are considered to be the major sources of non-point pollution.  Another major non-point source pollution problem common in this and other watersheds in the Grant-Platte Basin is over-grazing of stream banks. This practice results in trampled banks, exposed eroding banks, streams becoming wider and shallower, and stream warming. Direct drainage from barnyards is a major source of nutrient loading to surface waters. Drainage from cropland to streams carries eroded sediments which affects in stream habitat and fish spawning areas. Nutrients, fertilizers and pesticides attach to soil particles and can further pollute streams. 

The center of historic lead and zinc mining in Wisconsin is in the Shullsburg - Cuba City area. It is estimated that about 35 abandoned mine sites and 125 mine waste piles are located throughout the watershed (Kroner, et.al., 1992). Most of these mine waste piles are located adjacent to streams or drainage ways that lead to perennial streams. Runoff from abandoned mine waste piles has resulted in fish kills in the past. 
There are four incorporated communities in the watershed with permitted wastewater discharges to surface water. They are Cuba City (2,043), Benton (903), Hazel Green (1,207), and Shullsburg (1,268). Each community’s wastewater treatment plant is in good operating condition and Benton’s plant was newly constructed in 1998. Three other unincorporated communities also have municipal wastewater discharge permits. They are Kieler, Jamestown Sanitary District #2, Jamestown Sanitary District #3, and St. Clara at Sinsinawa. Jamestown Sanitary District #3 is going through facilities planning to upgrade their existing system. None of these communities are experiencing rapid urban growth and therefore pose little threat as sources of urban non-point source. 

Non-point Source Priority Watershed Project  - The Galena River watershed was the site of one of Wisconsin’s earliest non-point source pollution abatement program priority watershed projects. The goals of the project were to protect water bodies with good or excellent water quality, and to rehabilitate water bodies degraded by non-point sources of pollution (WDNR, 2001). An objective of the plan, targeting primarily perennial streams, was to improve biotic index values to the fair category.   From 1979 to 1985, over $2.2 million in cost share agreements were signed with landowners to voluntarily install various best management practices (BMPs) to improve water quality.  An assessment of the priority watershed project indicated the project resulted in “little to no improvement on a watershed wide basis” (Kroner, et.al., 1992). The report also reported that non-point source best management practices which were installed were “moderately effective in reducing non-point source pollution and improving water quality”. The report listed three factors that were believed to be responsible for the marginal watershed wide improvement. First, there were relatively low levels of participation by landowners. Second, the large size of the watershed was a factor, particularly when considering the lack of participation. Third, the effects of uncontrolled upstream non-point source pollution sources that have the potential to over-shadow any beneficial effects obtained by implemented BMPs. The primary lessons learned from the Galena River priority watershed project were that non-point source BMPs work, but that one or two bad uncontrolled upstream sites can negate the water quality improvements of installed BMPs.  
While the 1992 study compared 2 paired sites, this 2007 study was an attempt to look at a randomly distributed set of sites to determine overall water quality within the watershed.

Methods

Fisheries surveys were conducted on 16 of 17 sites within the watershed (Figure 1, Table 1).  Only 1 site was rejected due to lack of water.  Sites were randomly selected so as to not bias the data based on stream order or location.  At each location, a fisheries survey was conducted by electroshocking a length of stream a minimum of 35 times the mean stream width (Lyons, 1992).  The decision as to which type of shocker to use - including backpack shocker, small stream boat with 1000 watt generator, or large stream boat with 3000 watt generator -  was based on size (width and flow) of the stream.   Additionally two sites were also surveyed in the watershed as part of another department project.  These two sites were assessed for fish and macroinvertebrates using the same protocol and during the same survey period as the other 16 sites, so the data was included for analysis. 
Most sites were surveyed in August and September of 2007.  August was marked by record rainfall that occurred over the southern 1/3 of the state.  The southwest part of the state was spared the heaviest rainfall and, due to the nature of streams in the relatively steep terrain of the driftless area, these streams are characteristically “flashy” in that they rise and fall fairly rapidly.  While stream levels were noted as higher than normal, they were well within their banks and easily surveyed.  Fisheries assessment of four of the stream sites had to wait until summer, 2008 owing to time constraints.  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.  Macroinvertebrate samples were obtained by kick sampling and collecting in a D-frame net at each site in fall, 2007.
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Table 1: Survey Sites in the Galena River Watershed

	Waterbody
	WBIC
	Location
	Stream Order
	Sample Date

	Coon Branch
	936500
	Buncombe Rd
	3
	06/30/08

	Galena River
	935500
	Bean Street
	5
	08/04/08

	Galena River
	935500
	Center Drive
	3
	08/06/07

	Galena River
	935500
	CTH H
	4
	07/03/07

	Kelsey Branch
	936600
	Shawnee Rd
	3
	06/29/07

	Madden Branch
	939100
	STH 81
	3
	06/30/08

	Madden Branch
	939100
	Red School Rd
	4
	08/09/07

	Menominee R.
	941700
	Sandy Hook Rd
	3
	09/11/07

	Pats Creek
	939800
	Pine Tree Road
	3
	08/06/07

	Shullsburg Branch
	937000
	Big Cut Road
	3
	08/07/07

	Shullsburg Branch
	937000
	Palfrey Road
	4
	08/09/07

	Sinsinawa River
	940200
	Louisburg Rd
	4
	09/11/07

	Spring Brook
	937200
	Silverthorn Rd
	3
	08/07/07

	Unnamed Trib to

Shullsburg Branch
	937800
	STH 11
	3
	08/07/07

	Unnamed Trib to 

Shullsburg Branch
	938500
	CTH A
	2
	06/18/08

	Unnamed Trib to

Sinsinawa River
	941400
	Kirkwood Drive
	3
	08/22/07

	Unnamed Trib to Sinsinawa River
	941100
	Kirkwood Drive
	3
	08/22/07

	Unnamed Trib to Galena River
	939900
	Galena Road
	4
	08/22/07


Results

Results for the fisheries surveys are summarized in Table 2.  Where appropriate, the fisheries assemblage was used to determine the Index of Biotic Integrity (IBI) according to Lyons (1992).  Three of the streams, the Galena River, Madden Branch, and Shullsburg Branch were surveyed at multiple sites as a result of the random distribution, but at sites representing a different stream order of each respective stream.

All stations monitored contained native eurythermal species with central stoneroller, common shiner, creek chub, hornyhead chub, southern redbelly dace and white sucker being the most frequently encountered.  No exotic or stenothermal cool or coldwater species were found at any of the sties, but a state threatened species was found at one site.  A 3rd order unnamed tributary to the Sinsinawa River (WBIC = 941400) had the fewest species with 4 and the Galena River at County Highway H had the most species with 18.  Of the 11 IBI’s evaluated, 2 sites rated as “very poor”, 2 sites ranked as “poor”, and 7 sites ranked as “fair”.
There were 7 sites where the IBI was not evaluated because the average stream width was less than 2.5 meters, which is smaller than is considered appropriate for the warm water IBI model.  At the current time, there is no quantitative way to appropriately evaluate the small, non-game, perennial streams.  One can look at the fisheries assemblage and, based on the variety of species found and the tolerance of certain species to low dissolved oxygen and disturbed habitat, make qualitative observations about the health of the system.

Analysis of the macroinvertebrate samples was conducted at the University of Wisconsin – Stevens Point.  The Hilsenhoff Biotic Index (HBI) (Hilsenhoff, 1987) was reported along with a tabulation of individual species.  The macroinvertebrate IBI (Weigel, 2003) was calculated and reported out in the department’s Surface Water Integrated Monitoring System (SWIMS).  These results are summarized in Table 3.
Discussion

As noted in the final report of the “Galena (Fever) River Priority Watershed Project” (WDNR, 2003), two of the objectives targeting primarily perennial streams was to “improve biotic index values to the fair category” and “have clean looking and smelling streams.”  It should be mentioned again that the design of the study was not to necessarily gauge the health of individual waters, but to look at the health of the watershed overall.  

For the streams that were large enough for an IBI to be calculated, species diversity was low to moderate, dominated by tolerant or other (neither tolerant nor intolerant) species, and many of those were omnivores – species which can subsist on a variety of food items and are therefore relatively insensitive to changes in the food base caused by environmental degradation (Lyons, 1992).  This was borne out in the IBI scores ranging from “very poor” to “fair”. 

Seven of the eleven sites that could be evaluated using the warm water IBI had indices of “fair”.  According to the biologist’s notes, the average width of these stream sites ranged from 3 to 10 meters.  Most had good gradient and many had gravel or rubble/cobble as the predominant substrate with silt in some pools or quiescent areas.  Most were in or near some form of agriculture, with many running through pastures.
Table 3: Macroinvertebrate HBI and IBI

	Site
	HBI
	IBI
	Site
	HBI
	IBI

	Coon Branch
	5.12 (Good)
	2.55 (Poor)
	Shullsburg Br.

Big Cut Rd
	5.41 (Good)
	1.35 (Poor)

	Galena R

Bean St
	5.64 (Fair)
	1.74 (Very Poor)
	Shullsburg Br.

Palfrey Rd
	6.65 (Fairly Poor)
	5.71 (Fair)

	Galena R.

Center Dr.
	7.28 (Fairly Poor)
	0.23 (Very Poor)
	Sinsinawa R.

Louisburg Rd
	5.36 (Good)
	2.84 (Poor)

	Galena R

CTH H
	6.22 (Fair)
	1.83 (Very Poor)
	Spring Brook

Silverthorn Rd
	4.81 (Good)
	5.31 (Fair)

	Kelsey Br.

Shawnee Rd
	5.78 (Fair)
	0.35 (Very Poor)
	Unnamed

(937800)

STH 11
	7.04 (Fairly Poor)
	5.49 (Fair)

	Madden Br.

STH 81
	6.11 (Fair)
	- 0.18 (Very  Poor)
	Unnamed

(938500)

CTH A
	4.88 (Good)
	3.79 (Poor)

	Madden Br.

Red School Rd
	5.72 (Fair)
	1.74 (Very Poor)
	Unnamed

(941400)

Kirkwood Dr
	6.91 (Fairly Poor)
	4.01 (Fair)

	Menominee R.

Sandy Hook Rd
	5.81 (Fair)
	1.85 (Very Poor)
	Unnamed

(941100)

Kirkwood Dr
	6.49 (Fair)
	1.23 (Very Poor)

	Pats Creek

Pine Tree Rd
	6.01 (Fair)
	2.67 (Poor)
	Unnamed

(939900)

Galena Rd
	5.16 (Good)
	4.05 (Fair)


HBI:  0-3.5 Excellent;  3.51-4.5 V. Good;  4.51-5.0 Good;  5.51-6.50 Fair;  6.51-7.50 Fairly Poor;  7.51-8.5 Poor;  8.51-10.0 Poor
IBI: < 2 V. Poor;   2 – 3.9 Poor;   4 – 5.9 Fair;    6 – 7.9 Good;    ≥8 Excellent
Most referred to “trampled, but grassed” banks and a few had some buffer of some sort.  Bank condition ranged from “stable and grassed” to “eroding in bends”.  Five of the seven sites contained smallmouth bass, an intolerant, top level predator.  

Of the four sites that had “poor” or “very poor” indices, two of them (Shullsburg Branch at Big Cut and at Palfrey Road) contained over 10 species.  However, the site at Palfrey Road was dominated by white sucker, a species tolerant to disturbed habitat.  The site at Big Cut Road was likewise dominated by bluntnose minnow, creek chubs, and white suckers, all tolerant to disturbed habitat.  The site at Palfrey Road did contain 35 smallmouth bass, all but two of which were less than 8 inches.  This does suggest that Shullsburg Branch may be a nursery stream for smallmouth.  At both sites on Shullsburg Branch, it was noted that the row crops (corn) were at times planted right up to the stream bank with little if any buffer.  This resulted in some very steep banks which were raw and slumping in some areas and the bottom contained a fair amount of silt, reducing the amount of available habitat.

The other two sites which had poor or very poor IBI ratings, one at Coon Branch and the other on an unnamed tributary to Shullsburg Branch (WBIC = 937800), interestingly had decent looking habitat and water quality.  Biologists noted on Coon Branch that the section sampled flowed through a well protected corridor, the good gradient provided a bottom substrate that was mostly rubble/cobble and gravel with some bedrock, and the section had riffles and nice pools in addition to overhanging banks.  It was speculated that lack of diversity of the fish population might have something to do with the perched culvert which lies downstream about 100 meters upstream from the confluence with the Galena River or a residual effect from toxicity caused by historic mining (WDNR, 2001).  Likewise, the unnamed tributary contained “gin clear water despite recent rains” a rubble/cobble and gravel bottom and nice riffle/pool complexes.  Biologists noted this stream had the “best looking water in the area”.  The stream was full of watercress which may suggest the stream is too cold for species which are predominant in the area and prefer warmer water.  Water temperature monitoring is warranted.
It is more difficult to ascertain the quality of the streams too small to be considered appropriate to calculate the IBI, but too large to be considered intermittent or true headwater (1st order) streams.  These 2nd to 4th order streams contained a subset of the species assemblage of the larger streams with white sucker, and creek chub having a moderate presence, but species such as fantail darter, and southern redbelly dace becoming more prevalent if not the predominant species.  While most of these smaller streams were not necessarily dominated by species tolerant to low D.O. and habitat, they likewise did not contain high variety of species (generally 10 or less native species), or any intolerant ones.  According to the biologist’s notes, most of these streams were in pastured areas with trampled, but well grassed banks.  Due to their high gradient, they contained many areas of rubble/cobble and gravel with moderate sediment in pools.  Given this information, the similarities of species composition to the larger streams, and the biologist’s notes, one could ascertain that these smaller streams also rated from “poor” to “fair” in quality as indicated by the fishery assemblage.  It also underscores the need for a biotic index which takes into account those systems which are perennial, but likely not true cold water systems.

The macroinvertebrate data was broken down using both the HBI and macroinvertebrate IBI.  The HBI is an indication of organic loading to the system, while the IBI is a stronger indicator of habitat and land use.  The IBI is more closely correlated to “environmental condition” factors of riparian buffer condition, habitat heterogeneity, and bed/bank condition.  Additionally, regression analysis shows that local-scale variables explain nearly 50% of the variation in the driftless portion of the state (Weigel, 2003).
The HBI ranged from “Fairly Poor” (4 sites) to Good” (6 sites) with the remainder of the sites ranked as “Fair” (8 sites).  For the macroinvertebrate IBI, 13 of the 16 sites rated “Poor” or “Very Poor” with the remaining 5 sites rated as “Fair”.  Many of the macroinvertebrate assemblages were dominated by orders diptera and isopoda, both containing fairly tolerant taxa.  There did not appear to be a correlation with HBI or macroinvertebrate IBI with the fish IBI for those sites for which the fish IBI could be calculated.  There were only 2 sites that rated “Good” and “Fair” for the HBI and macroinvertebrate IBI, respectively.  These were Spring Brook at Silverthorn Road and Unnamed Tributary (WBIC = 939900) and neither of these streams was large enough to calculate a fish IB using existing tools. 
Using the HBI or macroinvertebrate IBI and comparing the contemporary dataset to data collected over the past 2 decades (see Appendix), one could argue that the environmental quality as indicated by the macroinvertebrate community has essentially remained the same.  Historical data showed “fairly poor” to “good” HBI scores and mostly “poor” to “very “poor” macroinvertebrate IBI scores.  That was reflected in the most recent data set as well.
Conclusions

Over the past 30 years, various programs and incentives have been in place to help improve land use and agricultural practices, thus improving water quality in the Galena River watershed.  The most intensive and targeted of these occurred from 1979 to 1990 as part of the priority watershed project.  Since that time, there have also been various programs on the local, state and federal level to encourage agricultural best management practices or set aside highly erodible lands to reduce runoff, erosion, and other sources of nonpoint pollution.  In 1992, Kroner et. al. reported that while BMPs were effective in reducing agricultural nonpoint source pollution on a site specific basis, the scattered nature of those participating in these practices had little impact on overall water quality.  This broader study essentially verified this finding. Although the two main objectives of the priority watershed project were to “improve biotic index values to the fair category” and “have clean looking and smelling streams”, and indeed a number of the sites met these objectives, there does not appear to have been an improvement from pre-priority watershed conditions.  Land use has not changed appreciably over the past 3 decades with intense row cropping and grazing still taking place on much of the landscape and along stream corridors causing bank erosion, bank trampling and widening of the streams.  Improper manure management causes periodic fish kills in the watershed (WDNR, 2009).  Innovative practices such as installation of buffers or use of rotational grazing are still the exception.  In the absence of major changes in land use – on a wide scale – it is unlikely there will be a measureable improvement in stream quality and the likelihood of the majority of streams reaching their full attainable use is doubtful.  
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