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Summary and Actions
- Based on fisheries and macroinvertebrate data collected in the past year, the biota appears able to survive the periodic organic loadings to the system.  This may be due to the fact that these episodes are relatively short lived.  However, the impacts to the system further downstream are not entirely known.
- The department will calculate a Total Maximum Daily Load (TMDL) calculation will be performed to determine the impact to the system.
- The department will periodically monitor this section of stream to determine the status of the fishery, especially to determine if a pattern of natural reproduction of trout continues to occur in this section of stream.
-The department will work with the Green County Land Conservation Department to determine the best way to deal with problems in the operation of the farms at the headwaters of the stream.  Options to address possible NR 151 violations including discharge to the stream and overgrazing of the riparian corridor and stream bank areas may include, but not be limited to, addressing housekeeping practices, clean water diversions and roofing to divert water away from the barnyards, limiting the number of animals to allow the barnyards to function properly, fencing stream banks and creation of cattle crossings or buyout of the farms.  

Introduction

Dougherty Creek is a sixteen-mile long stream that currently exists as a Class II trout stream for much of its length.  The stream originates from springs north of Postville and flows southwest into Lafayette County where it joins the East Branch Pecatonica River.  Only the upper two miles (miles 14.6 – 16.6) from the headwaters down to Farmers Grove Road are listed as impaired (Figure 1).  This is due to degraded habitat from sedimentation, phosphorus and biological oxygen demand (BOD) from non-point source pollution.   The watershed in this headwaters section is approximately 2.2 square miles and land use almost entirely agricultural.  The watershed tables list current use of the upper 2 miles as a “limited forage fishery” while the codified use is “default” (warm water sport fish) since this section has not been formally classified.  This section of stream is fairly typical of a small headwaters stream with a small watershed area in that it has relatively small flow and is narrow, fairly straight, and lacks depth.
Dougherty Creek is part of the Lower East Branch Pecatonica Watershed.  This watershed was the subject of a priority watershed (PWS) project from 1993 to 2003.  As part of the PWS project, a pre-appraisal report (WDNR, 1991) was conducted on streams throughout the watershed.  The report states, “The most severe example of manure runoff in the watershed is at (the village of) Postville.  At least three barnyards were constructed next to the headwaters of Dougherty Creek…” At Farmers Grove Road, the report notes “Manure deposition in stream. Channel ditching. Low flows.  Barnyards and cropland.  Stream bank erosion” and “poorest water quality observed in watershed”.  Just downstream at Postville Road, the report stated, “Barnyard runoff.  Stream bank erosion.  Low flow.  Turbidity”.  Macroinvertebrate sampling indicated “poor” to “very poor” water quality in the Farmers Grove Road area.  In implementing the priority watershed project, farmers could voluntarily employ certain best management practices to reduce non point source runoff with the state providing 70% cost share for installation of the practices.  As a result, cement barnyards were constructed on farms along the stream at Postville and at Farmers Grove Road.  Two hundred twenty eight acres of land south of CTH H was put into perpetual set aside under the Conservation Reserve Enhancement Program.  While these actions addressed some of the sediment concerns from runoff from pastures and croplands, there is still some concern as to the affects of the barnyards which lie immediately adjacent to the stream and may serve as a source of nutrients and BOD to the stream.  
TMDL Study and Results
This Total Maximum Daily Load (TMDL) study was designed to monitor the impaired portion of the creek to determine the amount, timing, and type of pollutant loading and the level of impairment caused by these pollutants. Monthly water chemistry samples were taken at Farmers Grove Road and analyzed for total suspended solids (TSS), BOD, total phosphorus, ammonia, and bacteria (Fecal Coliform and E. Coli).   In addition to these samples, 6 event samples were budgeted for water chemistry sampling during rain or other runoff events.  Continuous multi-parameter water quality devices, also called “Sondes”, were periodically deployed to monitor dissolved oxygen (D.O.), temperature, pH, and conductivity over a 7 to 10 day period.  Fisheries and macroinvertebrate surveys were conducted a various sites on the stream to determine contemporary status of biota of the stream.
A flow gauge was established by the United States Geological Survey at Dougherty Creek Road to monitor discharge.  Because this site did not correspond directly with the site where the samples were taken, it would not be appropriate to try to estimate nutrient or BOD loads using the flow data.  However, the flow data was used to monitor when base flow samples were taken, or when events were occurring.  Flow monitoring showed that the stream at Dougherty Creek Road generally had a base flow of about 0.8 cubic feet per second (cfs) during 2006.  During events, this flow would increase sharply between 10 and 20 cfs, and then quickly dissipate.  During the March, 2007 thaw and runoff event, the stream discharge rose to well over 40 cfs, but then the stream never went below 1.0 cfs for the rest of the monitoring period which ended in October, 2007 (Appendix A).  
Water chemistry results are summarized in Table 1.  Phosphorus concentrations ranged from 0.08 mg/l in January, 2007 to 1.96 mg/l during an event.  The average concentration was 0.35 mg/l in monthly sampling events and 0.88 during the 4 events.  For the most part, BOD levels were at or below the 2 mg/l detection level.  Levels in excess of the limit of detection occurred during the first event sample and samples collected April, May, and June of 2007.  Total Suspended Solids were relatively low over the monitoring period.  The concentrations were generally less than 12 mg/l during the monthly monitoring events.  The peak concentration was 84 mg/l recorded during the first event sample.  It should be noted that the water chemistry sampling was plagued by some inconsistency in sample parameters, lab accidents, and missed event opportunities.  In fact, the major thaw runoff event that occurred from March 11th to the 13th, 2007 was not sampled.  Because the system is so flashy, it was difficult to determine when the initial peak flows, presumably containing the bulk of the nutrient, bacteria and BOD load, 
Table 1.  Nutrient, BOD, and Bacteria Samples from Dougherty Creek

	Date Collected
	Field #
	TSS (mg/l)
	Ammonia (mg/l)
	Total P

(mg/l)
	BOD (mg/l)
	F Coliform (cfu/100 ml)
	E Coli (cfu/100 ml)

	07/13/2006
	DC-JUL06
	12
	0.026
	0.294
	< 2
	7000
	2400

	07/20/2006
	DC-EV1
	84
	1.39
	1.958
	27.8
	1000000
	*

	08/14/2006
	DC-AUG06
	6
	0.015
	0.263
	< 2
	720
	461

	08/25/2006
	DC-EV2
	4
	0.019
	0.378
	< 2
	3800
	5300

	09/12/2006
	DC-EV3
	9
	0.097
	0.794
	2.0
	55000
	52000

	09/18/2006
	DC-SEP06
	3
	0.015
	0.303
	< 2
	400
	727

	10/13/2006
	DC-OCT06
	2
	0.015
	0.191
	< 2
	740
	1046.2

	11/15/2006
	DC-NOV06
	2
	0.015
	0.125
	< 2
	120
	138

	12/15/2006
	DC-DEC06
	3
	0.03
	0.327
	< 2
	1
	18.7

	01/30/2007
	DC-JAN07
	2
	0.015
	0.081
	< 2
	10
	7

	02/21/2007
	DC-FEB07
	4
	0.076
	0.129
	< 2
	30
	62

	03/19/2007
	DC-MAR07
	5
	0.038
	0.15
	< 2
	1000
	1733

	03/22/2007
	DC-EV4
	12
	0.577
	0.402
	< 5*
	
	10500

	04/26/2007
	DC-APR07
	51
	0.83
	0.695
	13.1
	106000
	51720

	05/17/2007
	DC-MAY07
	6
	
	0.289
	3.9
	18000
	14830

	06/22/2007
	DC-JUN07
	12
	3.8
	1.35
	35.1
	1000*
	241920


Event samples represented by shaded rows
* indicates lab error
would occur.  Therefore, the data from the event sampling may not represent the maximum loading to the system.

Bacteria samples were taken as an indicator of source of the nutrients – runoff of manure from barnyards.  The bacteria count for Fecal Coliform varied between 1 colony forming unit (cfu)/100 ml of sample during the winter and 1,000,000 cfu/100 ml during a rain event.  Likewise, the E. Coli counts varied from 7 cfu/100 ml in January, 2007 to 242,000 colonies during the June, 2007 monthly sampling.

The continuous monitoring samplers, otherwise known as Sondes, were deployed on four different occasions in the project period.  The first deployment was from July 19th to 27th, 2006 at Farmers Grove Road and Apple Grove Road.  The second deployment was from July 27th - August 4th, 2006 at Farmers Grove Road.  The third deployment was from August 4th to 14th, 2006 at Farmers Grove Road and the final deployment from June 22nd to June 29th, 2007 at Farmers Grove Road.  The length of deployment is usually limited to less than 2 weeks in order to avoid biofouling and/or instrument drift.  An attempt was made to try to deploy during a period where baseline conditions could be established, but also catch a runoff event.  This occurred during the first deployment and 

third deployment.   Unfortunately and instrument error occurred during the third deployment which rendered the data unusable.  The second and fourth deployments established baseline conditions, but failed to capture any events.
Data from times of base flow show temperatures at Farmers Grove Road to be generally between 12o – 18oC and D.O. between 5.5 – 9 mg/l.   As data from the first deployment shows, two events occurred during the week of July 19th to the 27th.   One event occurred during the early morning hours of July 20th and another occurred in the evening of July 22nd.  During the times of these events, D.O. levels dropped precipitously and eventually fell below 5 mg/l for a time (Figure 2).  These effects can be seen 1.75 miles downstream at Apple Grove Road as D.O. levels which were generally above 6.5 mg/l fell below 5 mg/l for a short period of time.
Macroinvertebrate samples were also collected from three sites on the creek at County Highway H, Farmers Grove Road, and Dougherty Creek Road.  Macroinvertebrates are used as an indication of organic loading to a system.  The Hilsenhoff Biotic Index (HBI) (1987) was used to calculate the score.  It is an inverse relationship in that the higher score indicates more organic loading and poorer water quality.   The worst HBI was noted at CTH H with a rating of “fair”.  The best score and rating was found at Dougherty Creek Road.  A summary of the HBI can be found in Table 2.  

Table 2:  Macroinvertebrate samples from Dougherty Creek

	Site
	HBI Score
	Rating

	County Highway H
	5.682
	Fair

	Farmers Grove Road
	4.348
	Very Good

	Dougherty Creek Road
	3.993
	Very Good


Fisheries surveys were conducted at three sites on Dougherty Creek in spring of 2007 at Apple Grove Road, Dougherty Creek Road, and Farmers Grove Road.  Brown trout were found at all three sites and rainbow trout were found at Apple Grove Road and Dougherty Creek Road.  The Apple Grove Road site contained a wide variety of forage species, including mottled sculpin, a cool water indicator species.  A summary of the fisheries surveys can be found in Table 3.  The fisheries index of biotic integrity (IBI) was calculated using the small, intermittent stream IBI (Lyons, 2006) for Farmers Grove Road and Dougherty Creek Road as the watershed was less than 40 km2.  The coldwater IBI (Lyons, et. al., 1996) was used for Apple Grove Road.  Several year classes of brown trout were found at each site, but were most abundant at Apple Grove Road (WDNR, 2008).   Brown trout and rainbow trout are regularly stocked in the stream at various sites, including Farmers Grove Road.  The most recent stocking of brown trout involved small fingerlings (approximately 2 inches) and occurred little more than a week prior to the fisheries surveys.  Most of the brown trout found in these surveys were young-of-the-year (y.o.y.) trout and most likely were these stocked trout.  Therefore it is unknown if natural reproduction is taking place at these sites.  
Table 3: Fisheries Surveys of Dougherty Creek

	
	Farmers Grove Rd
	Dougherty Creek Rd
	Apple Grove Road

	Brown Trout
	7
	22
	113

	Rainbow Trout
	
	1
	19

	Brook Lamprey
	
	
	4

	Brook Stickleback
	26
	50
	11

	Creek Chub
	
	1
	1

	Fantail Darter
	
	
	29

	Johnny Darter
	
	
	6

	Mottled Sculpin
	
	
	115

	White Sucker
	
	
	4

	Small Stream IBI

CWIBI
	20 (Poor)
50 (Fair)*
	40 (Fair)
50 (Fair)*
	N/A

70 (Good)




* Both sites would score 40 (Fair) if newly stocked y.o.y. trout were removed from the calculation 
Discussion
Despite obvious pollution sources at the headwaters of the stream, a comparison of current data to historic data would suggest that the quality of the stream has improved over the past several decades.  Because this section of stream is high in the watershed, these loads and concentrations are likely flashy and short lived.  This may be of benefit to the biota.  As indicated by the multiple year classes found in the stream and particularly at Apple Grove Road, the trout fishery is sustaining itself as a Class II fishery.  Macroinvertebrate samples would indicate fair to very good water quality.  A comparison of historic fish and macroinvertebrate data shows marked improvement.  The PWS appraisal report (WDNR, 1991) indicated HBIs of 9.05 (very poor) and 8.24 (poor) at Farmer’s Grove Road in 1980 and 1981, respectively.  A sample taken in 1990 indicated a HBI of 4.97 (good).  The most recent sample taken in 2006 showed an even better score of 4.348 (very good).  Loads of suspended solids are relatively low, perhaps an effect of the large tract of land upstream from the monitoring site that was placed into perpetual CREP. 
Fisheries data collected prior to this study came from areas further downstream from the TMDL site.  The nearest sampling occurred near Apple Grove Road in 1976 and 1990 (WDNR, 1991).  During those surveys, some brown and rainbow trout were found, along with a half dozen eurythermal forage species.  By contrast, in 2007 the fishery at Apple Grove Road was dominated by trout and other cool/coldwater indicator species.  Upstream sampling at Dougherty Creek Road and Farmers Grove Road found carryover of a few yearling trout.  The fingerlings stocked the week before were obviously still present.  It would seem reasonable to remove the newly stocked y.o.y. trout from the equation.  Even so, both sites would still score a 40, or “fair” on the coldwater IBI.
However, the water chemistry data do indicate that there certain chronic and event related loading for phosphorus, BOD, and bacteria to the stream, likely due to the barnyards which are adjacent to the stream at Postville. A TMDL would be able to determine if this is a substantial load to the system and may affect water quality further downstream.  As stated previously, it could not be suggested that the majority or peak of the loadings were captured in any of the event samples.  The rise in the flow curve, particularly for those events which followed a period of dry weather, likely produced the highest loads.
The locations of the farms offer difficulty in dealing with the number of animals and the waste generated by the cattle.  Each of the three farms is located between a road and the creek, with a steep slope just east of the creek.  This creates a situation whereby a large number of animals are confined to a relatively small area (Figure 3).  Barnyards are designed to settle out solids and associated nutrients; however, data suggests that these sites have so many animals and are so close to the stream that they may not be effective.  Cattle have been observed standing in the stream waiting to get into the barnyards. This situation, combined with overgrazing of the riparian corridor and the steep slopes to the east of the creek (Figure 4) combine to create a major source of non point source pollution.
Conclusions
Based on fisheries and macroinvertebrate data collected in the past year, the biota appears able to survive the periodic organic loadings to the system.  This may be due to the fact that these episodes are relatively short lived.  However, the impacts to the system further downstream are not entirely known.  

The department will periodically monitor this section of stream to determine the status of the fishery, especially to determine if a pattern of natural reproduction of trout continues to occur in this section of stream.  The department will work with the Green County Land Conservation Department to determine the best way to deal with problems in the operation of the farms at the headwaters of the stream.  Options to address possible NR 151 violations including discharge to the stream and overgrazing of the riparian corridor and stream bank areas may include, but not be limited to, addressing housekeeping practices, clean water diversions and roofing to divert water away from the barnyards, limiting the number of animals to allow the barnyards to function properly, fencing and cattle crossings or buyout of the farms.  
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 Figure 2:  Dissolved Oxygen: Dougherty Creek, Farmers Grove Road and Apple Grove Road
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Figure 3: Cattle waiting outside barnyard
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Barnyard Adjacent to Dougherty Creek
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Figure 4: Barnyard and pasture downstream from Farmers Grove Road
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Appendix A:  Flow Data from Dougherty Creek at Dougherty Creek Road
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Figure 1: Upper Dougherty Creek
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