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Project Summary
The project purpose was to determine if any segments of Ash Creek from STH-80 to the mouth should be proposed for the impaired waters list, to identify specific water quality issues in the watershed, and determine if additional stream studies are recommended.  Based on this results of this study, an impaired water listing is not appropriate for Ash Creek or the Tributary.  While phosphorus values near the stream mouth were high, fish IBI ratings from six sites ranged from fair to excellent, and macroinvertebrate samples from 5 sites ranged from fair to excellent.  The majority of both the fish and macroinvertebrate ratings were good.  However, stream and bank habitat improvements as well as efforts to control agricultural runoff could still be done to protect or enhance water quality, and reduce phosphorus and sediment.  Because of the fair ratings for fish, and habitat, and the obvious non-point runoff to the tributary at CTH-O, efforts should be made immediately to reduce barnyard runoff, and the stream should be monitored after best management practices are installed.     
Both in-stream and bank habitat improvements could be implemented for Ash Creek.  Nearly all of Ash Creek below STH-80 to the mouth has been historically ditched and straightened, as well as the tributary stream at CTH-O.  Stream bank sloping would help reconnect the stream with the floodplain, re-establish meander patterns, scour out sediment and improve substrate habitat.  Bank stabilization of severely eroded stream banks, and vegetative stream corridor buffers are recommended to help improve and enhance water quality by reducing runoff from the watershed.  These recommendations are based on the results of good (borderline fair) and fair for fish index of biological integrity (FIBI) and quantitative habitat in much of the stream reach below STH-80.  While Macroinvertebrate (MIBI) results indicate water quality according to this index is excellent (borderline) good in the upstream reach near STH-80 and CTH-O near Whipporwill Lane, the downstream sites had good (borderline fair) MIBI Ratings.  This indicates there is some organic pollution at least in the downstream reaches.  Cold water temperatures prevail throughout Ash Creek and indicate the stream has good spring input, and the ability to support a brook and brown trout or cold (cool transition) fishery. However, in-stream fish habitat and cover for both adults and young fish are lacking with exception of good cover for young fish at STH-80.  Bank and channel erosion as well as sediment deposition have likely reduced spawning substrate over time.  
In general water chemistry indicated that water quality was fairly good during baseline sampling with the exception of the high nitrate-nitrite levels found in all samples at STH-80, and high phosphorus levels in all but one sample at CTH-TB.  Stream Water quality was poorer during rain and/or snowmelt events compared to baseline samples.  Results indicate the need to work on the watershed landscape to improve water quality.  Baseline sampling results showed total suspended solids was high at all but STH-80, indicating bank erosion and runoff is excessive.  Biological oxygen demand was near levels expected for moderately polluted rivers.  Nutrients sampling during baseflows revealed that phosphorus is a problem at CTH-TB near the stream mouth, and nitrogen (nitrate-nitrite) is a problem at STH-80 (upper part of the watershed). All other water quality parameters sampled during baseflow events at other sites showed water quality was fairly good.  However during rain events ammonia nitrogen and kjeldahl nitrogen increased slightly, while total phosphorus and ortho-phosphate increased greatly.  This indicates that agricultural activities in the watershed are influencing stream water quality.  The February sample taken during a winter snowmelt revealed that BOD, ammonia, kjeldahl nitrogen, phosphorus and ortho-phosphate increased greatly in Ash Creek, and generally were highest in the downstream reaches.  Water quality problems during rain and snowmelt runoff are attributed to stream bank erosion in grazed and row cropped areas, manure spreading (particularly in winter),  barnyard runoff from tributaries.  It is highly likely that nutrients are leaching from the soil into groundwater, evident from the high levels of nitrate-nitrite at STH-80 and phosphorus at CTH-TB even during baseflow sampling.  The higher nitrates should be considered a red flag due to the increased contamination of private drinking water wells in this region of the state, particularly in agricultural areas.  There are several certified animal feeding operation (CAFO) farms in this part of the watershed, and other farms that have fewer animal units and smaller acreages that are not certified, but can still contribute agricultural runoff.  Agencies like DNR, NRCS and LCD need to work together to discuss watershed non-compliance of runoff under NR 151, and to work with the agricultural community to effectively manage nutrients and improve water quality.  DNR watershed management staff should review existing nutrient management plans before updating or permit reissuance, to determine if plans should be tweaked to more effectively reduce agricultural runoff. 
In-stream and bank habitat improvements are recommended for the tributary at CTH-O.  In addition, a barnyard and intensive grazing is a direct source of manure to the stream near the mouth of this tributary, and the Department should work with the county and landowners to identify and implement agricultural best management practices to reduce runoff at the site.  Sampling of the tributary indicated that FIBI was poor and quantitative habitat was fair.  TSS was higher in the tributary compared to all other sites in Ash Creek during baseflow sampling, indicating erosion is quite severe due to barnyard runoff.  While ammonia, BOD and kjeldahl nitrogen was low during baseflow, they increased during rain and winter runoff events.  Total phosphorus was fairly high in baseline sampling, and both total phosphorus and ortho-phosphate increased greatly during storm and snowmelt runoff, and had the second highest values compared to Ash Creek sampling sites.     

Introduction
Ash Creek is located in the Ash Creek-Willow Creek watershed, and is a 9.85 mile long spring fed stream.  It is classified as a Class I trout stream, although the natural community determination is cool (cold transition) headwater in the mid-upper reaches and cool (cold transition) mainstem in the lower reach.  The stream supports some natural reproduction of brook and brown trout.  It is not a designated ORW/ERW water, nor is it listed as an impaired (303 d) water.  Much of the stream within our study area is ditched.  The unnamed spring fed tributary at CTH-O is a ditched 2.31 mile, second order stream, and the unnamed spring fed tributary at STH-80 also appears to have been ditched, and is a 0.6 mile long first order stream in very steep topography. 
Study Sites  
A study was done from 2008 to 2011 on the mid-lower reaches of Ash Creek and on two tributaries (Table 1, Figure 1).  The study encompassed about 2/3 of the total stream length, from Highway 80 to Highway TB.  The purpose was to determine stream condition, and general health of the watershed, particularly in the area where agriculture dominates the landscape, and where there are several permitted concentrated animal feeding operations, large manure pits, and in the case of one tributary, barnyard runoff.

	Table 1. Ash Creek sample sites
	

	Swims
	
	
	Natural Community

	ID
	WBIC
	Location
	Determination

	10030419
	1224700
	Ash Cr. Downstream STH-80
	Cool-Cold HW

	10029633
	1224700
	Ash Cr. at Ash Cr. Rd.
	Cool-Cold HW

	10030289
	1224700
	Ash Cr. Upstream CTH-O East of Whipporwill Ln
	Cool-Cold HW

	10029629
	1224700
	Ash Cr. Upstream CTH-O, W. jctn CTH OO
	Cool-Cold Main

	10030400
	1224700
	Ash Cr. Upstream CTH-O, W. jctn CTH OO
	Cool-Cold Main

	10013199
	1224700
	Ash Cr. Upstream CTH-TB
	Cool-Cold Main

	10031223
	1225100
	Unnamed Tributary Upstream CTH-O
	Cool-Cold HW

	10031370
	5033045
	Unnamed Tributary upstream STH-80
	Macroinvert HW
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Figure 1.  Study site locations and SWIMS database station numbers
Methods
Fish were sampled between 2008-2010, using a towboat electroshocker in Ash Creek at five sites, and a backpack electroshocker in the tributaries.  Fish indices of biotic integrity (FIBI) were analyzed and scores for cool (cold transition) streams was used for evaluation, except for the tributary stream sites at CH-O and SH-80, where intermittent stream scores were used.  These FIBI’s were chosen based on the designated natural communities, the temperature maximum daily means of less than 22 degrees C, and because fish collected ranged from cold to warm water species, but were dominated by cool water species in terms of thermal requirements.

Quantitative habitat was collected during 2009-2010 from four sites on Ash Creek, and one site on a tributary.  Physical habitat ratings and scores were calculated and evaluated.  Macroinvertebrates were collected furing 2010 from four sites using a kick net, and insects were identified by UW-Stevens Point.  Macroinvertebrate IBI’s were calculated and evaluated.
YSI 600 XLM sondes were set at three sites in Ash Creek at STH-80, CTH-O, CTH-TB and one site on the tributary at CTH-O to collect data every half hour for at least one week periods in June, July and August-September of 2010.  Parameters collected were temperature, dissolved oxygen, pH and specific conductivity.  At least seven rain events occurred during deployments.  In June over ½ an inch of rain fell in a 24 hour period, and in August over 1.25 inches of rain fell in a 24 hour period.  
Water chemistry was also collected from the aforementioned sites in 2010 and 2011 during one spring, summer and fall stream baseflow events; during two summer storm events; and during one winter snowmelt event.  Parameters collected were BOD 5 day, ammonia-n, nitrate-nitrite, kjeldahl-n, total phosphorus, orthophosphate, suspended solids and pH.  During water chemistry collections, a YSI 566 meter was used to collect instantaneous water temperature, dissolved and saturated oxygen, pH, and specific conductivity.  Samples were submitted to the state lab of hygiene for analysis.

Fish IBI Results
Fish IBI (FIBI) ratings indicated that habitat improvements should be implemented to improve the fishery in the stream segment from the reach along Ash Creek road downstream to CTH-OO, and in the tributary at CTH-O.  Ratings were good  but borderline fair for Ash Creek Road, and CTH-O near Whipporwill Lane, and fair at CTH-O west of junction with CTH-OO.  The uppermost site at STH-80 was rated good, and the lowest downstream site at CTH-TB was rated excellent with a score of 100 (Figure 2).  
The dominant fishes caught in Ash Creek were white sucker, brown trout, creek chub and western blacknose dace and brook stickleback.  At the three uppermost sites the brown trout catch was dominated by young of the year (YOY) fish, while the two sites further downstream at CTH-O and CTH-TB were dominated by adult brown trout.  The largest trout caught was a brown measuring 17 inches.  It was observed that rock riprap was brought in and applied to the bank, and instream at the CTH-O near the junction of CTH-OO, where head cutting has creating a small waterfall with large pool below which the majority of trout in this segment were captured. Mainly YOY brook trout were found in abundance at the furthest upstream site at STH-80, and a single adult brook trout was caught at each of the sites below, except for the furthest downstream site at CTH-TB where no brook trout were caught.  The FIBI rating of excellent at CTH-TB, was influenced by the site having the greatest fish species richness and diversity, the greatest number of intolerants, and a low percent of tolerant fishes, when compared with all other sites.  Species diversity and richness at CTH-TB was higher, likely due to the close proximity of the site to the mouth of Ash Creek at the Pine River (approximately 1,400 feet), and the ability of fish to migrate from the Pine River and up into this lower reach of Ash Creek.  
The FIBI rating for the tributary stream at CTH-O was fair, and the only fish collected were two brook trout.  The tributary at STH-80 rated poor, but since the natural community designation for this tributary is listed as a macroinvertebrate (aquatic insect) headwater, we did not expect much if any fish to be found.  
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Figure 2.  Ash Creek and tributary fish IBI scores and ratings
Mainly brown trout, but some brook trout were stocked in Ash Creek from 1972 through 2000.  None were stocked after 2000, indicating trout captured during these surveys are from naturally reproducing fish.  In addition many adult and yearling brown trout in the upstream reaches of Ash Creek, were removed by fisheries management, in order to control their numbers to give greater advantage to native brook trout.  Both Ash Creek and the Tributary streams have been historically ditched, with the exception of the site at CTH-O near the junction of CTH-OO, where the stream was not ditched in the survey area, but immediately upstream it was ditched.   In addition, rock riprap was brought in and applied to the bank, and instream, creating a small waterfall and large pool below, where the majority of trout were captured. 

Habitat Results

Habitat for fish and other aquatic organisms is good but borderline fair in Ash creek and the tributary.  Habitat ratings ranged from fair to good in Ash Creek, but sites that rated as good were borderline fair (Figure 3).  Both Ash Creek and the Tributary streams have been historically ditched, with the exception of the site at CTH-O near the junction of CTH-OO, where the stream was not ditched in the survey area, but immediately upstream it was ditched.   Ash Creek from STH.-80 downstream to the mouth has low vegetative buffer widths at all sites except for at CTH-O near Whipporwill Lane.  Bank erosion rated fair to poor and percent fine sediment in-stream was high at all but the STH-80 site, owing to the lack of vegetative buffer and historical stream ditching throughout the study site.  The latter also contributes to an instable channel, accelerated bank erosion rates, excess sediment deposition, and aggradation or widening of the stream bed.  Stream aggradation was evident through fair ratings for the stream width to depth ratio scores, and was even visibly observed as sediment appeared to be deposited in the floodplain frequently, even after small rain events.  In general stream bends, pools and riffles were lacking, and fish cover scores ranged from mostly poor, with a couple sites rated as fair.  Ash Creek has been historically ditched and disconnected from the floodplain, with the exception of a short stream segment at CTH-O near the junction of CTH-OO, where the stream was not ditched in our survey area, but was ditched immediately up and down stream. At the CTH-O site, it was also observed that large rock riprap had been dumped on the stream bank and in the channel, blocking stream flow, and head cutting back to create a waterfall and a large eroded pool below.  The habitat for the tributary at CTH-O rated as poor.  
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Figure 3.  Ash Creek and tributary habitat scores and ratings

Water Quality Results
According to data collected from the YSI sondes, water temperature and dissolved oxygen appears to be fairly good in Ash Creek and the tributary at CTH-O, except during rain or snowmelt events when quality is reduced specifically at CTH-O, CTH-TB and in the tributary (Table 2).  The maximum daily mean water temperature of Ash Creek (all three sites) and the tributary at CTH-O never exceeded a maximum daily mean of <22 degrees celcius (72 degrees F).  This indicates the presence of springs in mainstream segments, and that temperature during the summer months is adequate to support trout and other cold-cool water fish species.  Dissolved oxygen (DO) for all Ash Creek sites and the tributary did not fall below a minimum daily mean of 6.0 necessary to support cold water fish.  However, during rain events in June and August-September, temperatures rose above normal daily means, and DO levels dropped quickly from around 8.0 mg/l to as low as 0.1 mg/l at Ash Creek sites CTH-O, and CTH-TB, and as low as 1.7 mg/l in the tributary.  The pH levels were within the range of 6-9 at all sites, except for during the August-September deployment during a rain event when the pH in Ash Creek at CTH-O dropped to 6.8 for a few hours.  This coincided with the nearly zero dissolved oxygen readings, and a drop in conductivity as is expected with the addition of rain water.  It is not clear why a lowering of pH occurred during this rain event but not during other larger rain events, earlier in the season at a time when pesticides, herbicides and fungicides are normally applied, and may be the cause of low pH.  Average specific conductivity was similar over all dates and locations in Ash Creek, but the tributary at CTH-O by comparison had lower conductivity.  Conductivity was in the same range of values found for long term trend sites in this region of the state.  While the abnormal sonde readings for temperature, dissolved oxygen, pH and conductivity were short in duration, and only during rain events they should be considered as red flags indicating activities on the landscape are adding sediment and manure runoff to the stream and increasing temperature while reducing dissolved oxygen to unacceptable levels for fish and aquatic life.  
	Table 2.  Ash Creek and tributary 2010 YSI sondes water quality data
	
	
	

	
	
	
	Temp C
	DO mg/l
	pH (SU) 
	Avgerage
	Rainfall
	

	
	
	
	Max.Daily
	Min.Daily
	within 
	Conductivity
	during deployment

	Date Range
	Swims St. ID
	Location
	Mean
	Mean
	Range 7-9?
	umhos/cm
	Lone Rock Airport

	
	
	
	
	
	
	
	
	

	06/25-07/02
	10030419
	Ash Cr. STH-80
	18.1
	8.2
	Yes
	0.5
	1.27
	

	06/25-06/27
	10030400
	Ash Cr. CT-O
	18.7
	N/A
	Yes
	0.5
	1.26
	

	06/25-06/29
	10013199
	Ash Cr. CTH-TB
	19.07
	7.75
	Yes
	0.45
	1.26
	

	06/25-07/02
	10031223
	Trib. CTH-O
	17.2
	8.7
	Yes
	0.38
	1.27
	

	
	
	
	
	
	
	
	
	

	07/08-07/17
	10030419
	Ash Cr. STH-80
	18.7
	8.5
	Yes
	0.5
	2.07
	

	07/08-07/15
	10030400
	Ash Cr. CT-O
	18.3
	11.2
	Yes
	0.5
	2.07
	

	07/08-07/17
	10013199
	Ash Cr. CTH-TB
	19.3
	10.5
	Yes
	0.5
	2.07
	

	07/08-07/15
	10031223
	Trib. CTH-O
	13.2
	10.6
	Yes
	0.4
	2.07
	

	
	
	
	
	
	
	
	
	

	08/27-08/31
	10030419
	Ash Cr. STH-80
	17.3
	7.65
	Yes
	0.5
	0.79
	

	08/27-09/05
	10030400
	Ash Cr. CT-O
	19.7
	8.6
	No
	0.4
	1.84
	

	08/27-08/31
	10013199
	Ash Cr. CTH-TB
	19.8
	6.9
	Yes
	0.4
	0.79
	

	08/27-09/05
	10031223
	Trib. CTH-O
	16.4
	9.64
	Yes
	0.35
	1.84
	


Water Chemistry Results
Total Suspended Solids (TSS):   Total suspended solids were very high in Ash Creek and the tributary.  With the exception of the STH-80 site median baseline sampling values indicated TSS was high at all other sites (Figure 4).  The tributary had the highest TSS at 53 mg/l, and the second highest value was from CTH-O near CTH-OO in Ash Creek at 51 mg/l.  These values were higher than the median values reported in 2007 for TSS from long term trend water quality sites in SW Wisconsin.  Historical ditching exacerbating stream erosion, lack of vegetative buffers and bank erosion as well as agricultural land use (mainly cropland but in some areas grazing) in the portion of the watershed below STH. 80, and in the tributary are the main causes of high levels of TSS.
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Figure 4.  Ash Creek and tributary total suspended solids   

BOD 5 Day:  Biological oxygen demand (BOD) appeared to be moderate in baseflow samples, and only significantly increased at CTH-TB during the February snowmelt, as a result of increased runoff of manure, soil and corn debris (Figure 5).  BOD in baseflow and rain events were near levels expected for moderately polluted rivers (2.0 mg/l).  Results show biological oxygen demand remained consistent in baseflow samples, and was similar between locations for Ash Creek sites and the tributary at CTH-O.  Only the tributary showed a slight increase in BOD in rain event samples.  However, BOD increased at all sites except for STH-80 during the February snowmelt, and significantly increased to 26.0 mg/l at CTH-TB.  At that level, BOD is slightly higher than what may be found in treated municipal sewage (20 mg/L or less).  During the February sample collection, we observed runoff of silt and manure at all sites downstream of STH-80, and evidence of manure, and corn debris in the stream from CTH-O near CTH-OO down to CTH-TB.  Below the junction of CTH-O and CTH-OO, manure spread in fields was flowing into Ash Creek, and a strong manure odor in the stream corridor was evident from this location to CTH-TB.  
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Figure 5.  Ash Creek and tributary Biological oxygen demand
Ammonia-Nitrogen, pH and Water Temperature:  Ammonia nitrogen was low in baseflow and rain event samples, but relatively high during the February snowmelt at two locations (Figure 6).  Because ammonia becomes more toxic as levels of pH increase and with warmer water temperatures, the data are discussed in combination.  NR 105 lists the chronic toxicity of ammonia for inland trout streams at various pH levels.  Low amounts of ammonia were present at all sites in baseflow samples, and increased only slightly during rain events at all sites, while pH levels were normal at around 8.0 during baseflow, and slightly lower during rain events (Figure 7).  During the February snowmelt ammonia levels increased at CTH.-TB to 3.67 mg/l, while pH levels were 7.4 and water temperature was 3.6 degrees C.  In the tributary ammonia during February was 1.30 mg/l, while pH was 7.5, and temperature was 6.9 degrees C.  Ammonia did not exceed the chronic toxicity criteria for ammonia in surface waters of 4.36 mg/l for either sample at the specific pH’s and temperatures.  However only a 0.7 mg/l increase over the level found at CTH-TB would be enough to meet the toxicity criteria. 
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Figure 6.  Ash Creek and tributary ammonia nitrogen
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Figure 7. Ash Creek and tributary pH values in standard units  
Nitrate/Nitrite:  During baseflow and rain events nitrate-nitrite was low and similar between sites in Ash Creek and the tributary, except for at STH-80 where levels were highest (1.8 mg/l) during baseflow, rain and February snowmelt (Figure 8).  The site lies below but close to the Ash Creek headwater area, and six tributaries flow into the stream above this point.  Maps and on the ground observations indicated that there is heavily grazed and row cropped lands in much of the corridor of Ash Creek above CTH-Y.  Heavily grazed and row cropped lands are also evident along at least four tributary corridors and/or their headwaters, and there are three agricultural ponds on tributaries.  We have documented higher nitrate levels in other headwater stream in the driftless area, where agricultural operations, and manure pits are located near spring sources, and statistics indicate high nitrates are strongly correlated with the amount of land in agriculture in this region.
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Figure 8. Ash Creek and tributary nitrate-nitrites 
Kjeldahl Nitrogen: Levels were low and similar between sites in Ash Creek and the tributary during baseflows but increased slightly during storm events.  The highest levels occurred during the February snowmelt in Ash Creek at CTH-O near CTH-OO (3.0 mg/l), CTH TB (10.4 mg/l), and in the tributary (4.6 mg/l) (Figure 9).  This is indicative of nitrogen coming from agricultural sources, and may indicate there are issues with one of the concentrated animal feeding operations between CTH-O and TB, since are no sewage treatment plants and urban development in the watershed is minimal.
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Figure 9. Ash Creek and tributary kjeldahl nitrogen
Total Phosphorus:  Median phosphorus values for all but the CTH-TB site were at aacceptable levels in baseline samples (Figure 10), but the median values for snowmelt and storm events were very high (Figure 11).  Phosphorus levels were lowest at the furthest upstream site on Ash Creek, and increased moving downstream.  At least six baseline sampling events per site are required to determine if phosphorus does not meet the standard in NR 102 of 75 ug/l or below for Ash Creek, and that data must be collected from May through October.   However, the median values for three baseline samples at each site showed the highest phosphorus value of 75 ug/l at CTH-TB, close to the stream mouth.  Median values at CTH-O and in the tributary were similar and above 55 ug/l.  Median phosphorus values for the storm and snowmelt events combined greatly increased phosphorus levels, with the highest median value of 1388 ug/l from CTH-TB, and the second highest value of 689 ug/l from the tributary.  Statistics indicate a direct relationship between increased phosphorus in surface waters with increased agricultural land use, and increased phosphorus is directly related to increased algae in surface waters as well.  The results indicate phosphorus in runoff is a water quality problem, and efforts should be made to reduce levels coming in from agricultural sources in the watershed.
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Figure 10. Ash Creek and tributary median baseline sampling phosphorus
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 Figure 11.  Ash Creek and tributary median phosphorus for storm and runoff events 
Ortho-Phosphate:  Levels in Ash Creek and the tributary were fairly low at all sites in baseflow samples with a median of 0.1 mg/l, but increased to a median of 0.7 mg/l during rain and snowmelt.  The highest levels occurred in Ash Creek during snowmelt at CTH-TB (1.2 mg/l), and in the tributary (0.9 mg/l) (Figure 12).  Orthophosphate is phosphorus in a form most readily available for uptake by aquatic plants and algae, and is critical to accelerated eutrophication of surface water.  
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Figure 12.  Ash Creek and tributary orthophosphate

Aquatic Insect (MIBI) Results
Macroinvertebrate IBI (MIBI) analysis from 2009- 2010 collections from Ash Creek showed that water quality according to this index is good in the upper reaches, but there is some or slight organic pollution in the lower reaches.  Ratings were excellent, but close to ratings of good at STH-80 and CTH-O near Whipporwill Lane (Figure 13).  The two lower sites, CTH-O near CTH-OO, and CTH-TB had good (borderline fair) MIBI ratings.  Insects were not collected from the tributary stream at CTH-O, and the tributary at STH-80 had a rating of fair; organic pollution is evident.   
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Figure 13.  Macroinvertebrate (aquatic insect) IBI values and ratings
