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The Richland Creek subwatershed comprises 51 square miles of the larger Honey and Richland Creeks watershed in southern Green County.  Almost 80% of the land cover in the subwatershed is in agriculture (WDNR, 2003).  Richland Creek is an Exception Resource Water (ERW) because of its quality as a water resource and in particular because of the smallmouth bass and other gamefish populations that it harbors (WDNR, 1980).  Richland Creek and Little Richland Creek are the major streams that drain this watershed.  The East Branch Richland Creek, and Twin Grove Branch make up the other named streams in the sub-watershed.  Twin Grove Branch is on the state’s list of impaired waters due to habitat impairment caused by sedimentation caused by agricultural nonpoint source pollution.
The purpose of this project was to generate contemporary data and to use this data in combination with other recently collected data (within the last 5 years) to evaluate conditions of streams in the subwatershed, evaluate the status of the subwatershed, and determine if there are impairments to the streams reaching their attainable use.
Methods

Fisheries surveys were conducted on 17 sites in the subwatershed in 2010 (Figures 1a and 1b).  The fisheries assemblage was determined by electroshocking a section of stream (minimum 35 times the mean stream width). A stream tow barge with a generator and two probes was used at most sites.  A backpack shocker with a single probe was used at sites generally less than 2 meters wide.  All fish were collected, identified, and counted.  All gamefish were measured.  Macroinvertebrate samples were collected using a D-frame net at riffles on 8 sites on the named streams.  They were sent to the University of Wisconsin –Stevens Point for sorting and identification.
Results

All sites sampled for the fisheries surveys showed a similar species assemblage (Table 1).  All of the species found were either warmwater or cool-warm transitional species (Lyons, 2009).  Most sites were dominated by white suckers, a cool-warm transitional species tolerant of disturbed habitat.  White suckers were found at all sites except those at the headwater streams.  The remainder of the balance of fish was comprised mainly of central stonerollers, common shiners, creek chubs, fantail darters, and southern redbelly dace.  These species are insectivores and/or simple lithophils and typical of the rubble/cobble and gravel bottomed streams of the driftless area.  Like the white sucker, creek chubs are a cool-warm transitional species that tolerate disturbed habitat.  They were found all but two sites.  Species richness increased with size of the stream, with most diversity occurring in the lower sections of Richland and Little Richland Creeks (at Advance Road and further downstream).  Game fish such as northern pike and smallmouth bass also became more prevalent in these larger sections of streams.  The brook stickleback, which is tolerant to low dissolved oxygen but also considered a pioneer headwater species, was found in two of the sites sampled.  For each site, the coolwater index of biotic integrity (IBI) (Lyons, 2009) was calculated.  For the aforementioned downstream sections of Little Richland Creek and Richland Creek, the warmwater IBI was also calculated according to Lyons (1992). For the Little Richland Creek site at Heddinger Road, and the Unnnamed Tributary (WBIC = 891000) at Haddinger Road, the small and intermittent stream IBI (Lyons, 2006) was calculated for comparison purposes.  Table 2 shows a summary of the macroinvertebrate data as reported by the Hilsenhoff Biotic Index (HBI), (Hilsenhoff, 1987), and the macroinvertebrate index of biotic integrity (MIBI),(Weigel,2003).
Discussion

The streams that make up this watershed flow through a combination of cropped and pastured areas.  At many sites, biologists noted there was a fair buffer between the agriculture and the stream.  In grazed areas, many had trampled, but grassed banks.  There were a few sections that had heavily pastured areas contributing to raw, grassless areas and exacerbating bank erosion.  

One can use the fisheries IBIs from the various sites for formulate a picture of overall water quality in the watershed.  Care must be taken to use the appropriate IBI to evaluate the respective sites.  For instance, based on the warm water IBI (Lyons, 1992), species diversity in most streams 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 (Ibid).  As a result the warm water IBI scores ranging from “poor” to “fair”. 

Over the past 10 years however, 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).  In the past, many streams were considered as degraded warmwater streams, even though they had diverse communities, some pollution intolerant species, and sometimes good smallmouth bass fisheries.  Based on current modeling data, it may be more appropriate to consider them as “fair” to “good” coolwater systems, keeping in mind that water temperature is only one factor affecting species assemblage.  
The species assemblage for waters in the Richland Creek sub-watershed is similar at most sites with the coolwater IBI indicating either “fair” or “good” quality.  Cool-cold water IBIs generally were 10 to 20 points lower than the cool-warm water IBIs.  Streams in this sub-watershed are considered to be cool-transitional waters according to the Wisconsin stream model (Lyons, 2008).  Game species were only found in the lower sections of Richland and Little Richland Creeks.  Smallmouth bass were limited to areas near the confluence of these two creeks and downstream from there.  Northern pike were found in Richland Creek as far up as Five Corners Road.  They have been observed in many tributaries of larger systems in southern Wisconsin like the Pecatonica River, taking advantage of the high flows in these systems caused by several years of above average precipitation (Amrhein, personal observation).   Conversely, smallmouth bass have been disadvantaged by these higher flows, which can inhibit reproduction (USGS, 1993).  This is likely reflected by the absence of young-of-the-year or even yearling bass from any sections in this survey.
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Table 2:  Macroinvertebrate Data for the Richland Creek Subwatershed
	Site
	HBI (Score/Rating)
	MIBI (Score/Rating)

	Richland Creek –STH 11
	3.19 (Excellent)
	4.81 (Fair)

	Richland Creek –Middle Juda Road
	4.39 (Very Good)
	3.58 (Poor)

	Richland Creek –Montgomery Road
	4.80 (Good)
	3.66 (Poor)

	Richland Creek –Five Corners Road
	4.79 (Good)
	5.67 (Fair)

	Little Richland Creek –Melvin Road
	4.59 (Good)
	3.69 (Poor)

	Little Richland Creek – Advance Road
	4.78 (Good)
	4.41 (Fair)

	Twin Grove Branch – Twin Grove Road
	4.37 (Very Good)
	4.20 (Fair)

	Twin Grove Branch – CTH P
	4.95 (Good)
	3.69 (Poor)

	E. Br. Richland Crk – Five Corners Road
	4.65 (Good)
	5.57 (Fair)


With the exception of Little Richland Creek, which the model predicts as a cool-warm system, most other streams in the subwatershed are predicted to be either cool-cold transitional systems or macroinvertebrate streams.  The data seems to confirm the thermal regime for Little Richland Creek, while Richland Creek generally scores better as a cool-warm system as well.  As was noted previously, species assemblage in both of these systems was similar.  Richland Creek is considered an Exceptional Resource water, primarily because it has historically contained good populations of smallmouth bass.  East Branch Richland Creek and Twin Grove Branch score relatively similar for both cool-cold and cool-warm IBIs. 
Three sites had “poor” or low “fair” coolwater IBIs, or no fish, respectively.  The East Branch Richland Creek at Freeport Road had low coolwater IBIs most likely due to cold water resulting from large springs upstream.  Water cress was prevalent, prompting biologists to place a tidbit in the stream to monitor water temperature.  The temperature data confirmed that this portion of the stream was indeed cold, with the maximum water temperature just above 20oC.  The average daily mean temperature from the period of July through September was 13.7oC.  This cold temperature may limit the diversity of species as many do not tolerate temperatures that low.  Little Richland Creek at Heddinger Road also had low-fair (30) coolwater IBIs.  This may be due to the fact that this portion of the stream is near the headwaters of the stream.  The watershed area was approximately 4 km2, so the small-intermittent stream IBI (Lyons, 2006) was also run.  It showed an IBI of 40 or “fair”.  The section of Twin Grove Branch upstream of Twin Grove Road flowed through a box elder corridor leading to unstable banks.  The stream was wide (3-5 meters) and shallow (0.1-0.2 meters deep).  The bottom was mainly clay and silt and habitat was scarce.  No fish were found from this stretch.  The unnamed Tributary (WBIC = 891000) was modeled as a macroinvertebrate stream; however, some fish were found in the stream.  The small stream IBI (Lyons, 2006) scored a 20 or “poor” rating and it is not known if high water levels have influenced the ability of fish to survive perennially in this small stream.
Macroinvertebrate data supports qualitative observations of biologists.  The HBIs were very consistent throughout the watershed, indicating modest amounts of organic loading to the systems (Hilsenhoff, 1987).  Likewise, the MIBIs were consistent and indicated that there was a fair to high amount of habitat disturbance correlating to the high agricultural land use and relatively low amounts of forested areas and wetlands in the subwatershed (Weigel, 2003).  In the drifless area, Weigel (2003) found that local stressors influence the MIBI score at a higher percentage relative to watershed stressors than in other ecoregions.  The similarities of the MIBIs from the streams in this study suggests that local and watershed stressors are likely consistent throughout the area.
Overall, systems in the Richland Creek sub-watershed currently support their attainable use.  The high amount of agriculture may always be a stressor on these systems and the bedload of sediment will continue to impact habitat to some degree.  While no quantitative habitat surveys were conducted, qualitative assessments of sediment seemed indicate some moderate sedimentation.  Some areas of high gradient contained gravel or rubble/cobble bottoms.  Lower gradient areas had moderate sedimentation, especially in pools or wider areas of the stream.  Still, there were a fair number of simple lithophils, making up between 13 and 70 percent of the overall fish population, present in most systems and indicating that there were stretches of hard substrate that are preferential for those species.  One caveat is that white suckers, a simple lithophil that is known to be tolerant of disturbed habitat, made up a majority of that percentage. 
Waters of the Richland Creek sub-watershed would benefit from best management practices (BMPs) designed to mitigate loss of nutrients and soil to waterbodies.  Contours strips and row-cropping are already practiced in most areas.  Leaving residue and introducing cover crops would help maintain soil during the non-growing season.  Managed grazing would help in areas where bank trampling and erosion is occurring.  Targeting lands with the highest potential sediment and nutrient loss would be beneficial for all streams in this subwatershed.  Details on individual streams can be found in the Appendix.
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Appendix: Stream Narratives

East Branch Richland Creek

The East Branch Richland Creek is a 6 mile long stream near the Illinois border.  It originates in Wisconsin, crosses the border for a short while before crossing back again and flowing 3 miles until it crosses back into Illinois and joins Richland Creek some 2.5 miles downstream.  Studies conducted in the mid 1970’s showed the stream to have a diversity of warm water non-game species, including the Ozark minnow, a threatened species (Fago, 1982).  In 2005 a survey was conducted near Five Corners Road to see if the population of Ozark minnows still existed.  None were found, but the general assemblage of central stonerollers, southern redbelly dace, fantail darters, common shiner, white sucker and creek chub still existed.  Notably missing were the hornyhead chubs and the general abundance of fish.  In 2010 a fishery survey was also conducted at this site.  It found a similar species assemblage as the 2005 survey.  
A site at Freeport Road was also surveyed in 2010.  Although the stream was generally narrow and deep with good hard substrate, only a handful of specimens of brook stickleback and white sucker were found, along with 1 black bullhead.  Biologists immediately noted the large amount of water cress and suspected that high spring flow might be contributing to low water temperatures of the stream and thus reducing species diversity.  Temperature monitoring devices were placed in the stream at the beginning of July.  From July through September, the maximum water temperature exceeded 20oC only once and generally stayed below 17oC.  The average daily mean temperature was 13.7oC.  Water quality biologists and fisheries management should work with the Green County Land Conservation Department to determine if land use, habitat, and water quality are sufficient to explore the possibility of introducing brook trout to this section of stream.
The diversity and number of fish has decreased since the 1970’s.  Because the habitat and status of the riparian corridor is not explained in the earlier survey, it is difficult to ascertain whether the species assemblage has changed due to degrading habitat conditions, or whether higher groundwater flows experienced over the last decade have contributed to lower water temperatures, thus limiting the species assemblage to some extent.
Little Richland Creek

Little Richland Creek begins just south of Monroe and flows 7 miles through farmland and pasture until it joins Richland Creek just east of Clarno.  Very little data existed on the fishery assemblage of this stream prior to this survey.  One survey done by Fago (1982) showed warm and cool-warm non-game fish in the stream.  The species assemblage mirrors that of Richland Creek itself.  The lower reaches contain a variety of non-game species as well as smallmouth bass and northern pike.  As one travels upstream and the creek gets smaller, there are fewer species.  The streams classification model (Lyons, 2008) shows Little Richland Creek to be a cool-warm transitional stream, and indeed this is reflected in the species assemblage.  With the exception of the last station just upstream of its confluence with Richland Creek which showed very good cool-warm IBI, much of the rest of Little Richland Creek scored “fair” with the IBI.  This rating appears to reflect the condition of the stream as noted by biologists.  While there are many areas of the stream corridor with a good buffer, there are also some areas of pasturing and raw banks.  The good gradient helps keep some areas of the creek scoured to hard bottom, but there are areas of moderate sediment deposition.  The lower half of the stream could likely serve as a smallmouth bass nursery if certain BMPs could help limit the amount of sediment reaching the stream.  Overall, Little Richland Creek is a stream with a diversity of non-game fish in fair condition, with potential to be a better resource if nonpoint source pollution can be mitigated.
Richland Creek

Richland Creek is a 14 mile long stream that originates east of Monroe and flows south into Illinois where it joins the Pecatonica River.  The creek is considered in Exceptional Resource Water because it has historically been considered one of the best smallmouth bass fisheries in this area.  There is very little data to put that into historical perspective.  More recent surveys have shown that, while smallmouth bass are present in lower sections of the stream, they are not found in any great numbers.  No young-of-the-year or yearling bass were captured in the 2010 surveys.
The streams model (Lyons, 2008) indicates that Richland Creek is a cool-cold stream.  However, IBIs run on the data generally show Richland Creek to be more of a cool-warm transitional water.  Many sections scored “good” for the cool-warm IBI.  The furthest downstream section surveyed, just upstream of Little Richland Creek, scored an “excellent” as a cool-warm transitional water as it contained a diversity of species and some gamefish.  Except for the site at Blumer Road, the sites in this study were fairly well buffered.  
Fisheries management has evaluated the stream to determine if it would benefit from habitat improvement.  The fisheries biologist indicates that one of the limiting factors for Richland Creek’s smallmouth potential is the lack of deep holes for overwintering populations of fish (Welke, Kurt, personal communication).  Another is a lack of in-stream habitat.  Large boulders would be beneficial and could be placed in the stream to help give the smallmouth bass some preferential cover.  Another limiting factor is that smallmouth bass need dry conditions and low flows during the early summer period coinciding with the period of egg maturation (USGS, 1993).  Unfortunately, high precipitation and runoff events over the past several years have not been conducive to smallmouth bass reproduction.

Richland Creek, like Little Richland Creek appears to be in fair to good condition based on the IBI scores.  With the exception of a few sites, the stream is fairly well buffered.  There are some areas of raw banks and streambank erosion, but the bedload of sediment and runoff from agricultural fields is probably a larger issue.  As is the case with many streams in the region, Richland Creek would benefit by targeting lands of highest runoff potential with appropriate BMPs.
Twin Grove Branch

This six mile long stream is on the state’s list of impaired waters due to habitat degradation caused by sedimentation.  Between Rahberger Road and CTH P, the landscape is mainly row crops, with a buffer of grasses, forbs, and shrubs.  Upstream of CTH P, the land is pastured, but overall in pretty good shape with lots of sedges making up the riparian corridor.  As one approaches the town of Twin Grove, there is a corridor of trees which leads to higher bank erosion.  Upstream of Twin Grove Road, the stream flows through a heavily wooded area.  The stream is wide and shallow, with much of the bottom covered in silt and clay.  A survey conducted upstream of this road showed no fish.  However, this heavily wooded corridor is the exception for the riparian corridor on this stream.
Surveys on this stream conducted in 2005 and 2010 showed the stream to contain 10-12 non-game species and dominated by white suckers, creek chubs, and common shiners.  Sedimentation is moderate to heavy, especially in the lower sections of the stream with less gradient.  The coolwater IBI was 50 or “fair” for both the cool-cold and cool-warm IBI.  Assuming this IBI is more indicative of stream conditions as a whole (as compared to the site at Twin Grove Road) it would appear this indicates the stream is closer to maintaining its attainable use than an impaired water might be.  However, biologist’s qualitative assessment of habitat conditions still suggest there is a high bedload of sediment and that these conditions in the stream may not have improved to the point where it should be taken off the impaired waters list.  
