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Introduction

Based on monitoring by department staff, three formerly impaired segments of the West Branch Sugar River are now meeting attainable use.  Therefore we recommend these three segments be removed from the state’s list of impaired waters.  The following documentation provides supporting information for this decision.

The primary staff responsible for this project were Michael Sorge, a professional hydrologist and water resources biologist in the department’s South Central Region for over 10 years, and Patrick Sutter, a conservation technician with the Dane County Land Conservation Department.  Pat is certified in conservation planning and has engineering approval for streambank protection and restoration.  He has worked on projects such as these for over 15 years.

Stream Classification

The West Branch of the Sugar River rises near the southwest limits of the Village of Mount Horeb and proceeds southeast for 21 miles where it flows into the Sugar River just upstream from Lake Belleview (Figure 1).  It drains 66.6 miles of southwest Dane County and has a gradient of 7.5 feet per mile (WDNR, 1985).  The Mount Horeb wastewater treatment plant is the only permitted facility discharging effluent to the headwaters of the West Branch Sugar River.  While the upper watershed is receiving development pressure, most of the stream flows through agricultural lands.

The stream is currently classified as a limited forage fishery from it’s headwaters downstream 2 miles (Table 1).  The next 11 miles, from Barton Road to State Highway 92, are a default warm water forage fishery.  The next 5.5 miles from Mount Vernon Creek to County Highway PB are classified as a cold water Class II trout fishery.  The final 2.5 miles from Highway PB to the mouth is considered a default warm water sport fishery.  With the exception of the lower 2.5 miles, the rest of the stream has the potential to be a cold water, trout fishery (WDNR, 2004).   In 1998, three segments of the river were put on the state’s list of impaired waters due to severe nonpoint source pollution causing a failure to meet its potential.  The stream was impacted by streambank erosion, overgrazed pastures, unrestricted cattle access, barnyard runoff, gully erosion, and sediment deposition from uplands, all of which resulted in the destruction of in-stream habitat.

Table 1: West Branch Sugar River Designations

Stream Mile (from mouth)
Previous Use
Current Use
Codified Use
Proposed Codified Use
Use Impair-ment -

Source
Use Impair-ment – Impact

19-21
WWFF
COLD II
LFF
COLD II
NPS
Habitat

8-19
WWFF
COLD II
DEF
COLD II
NPS
Habitat

2.5-8
COLD
COLD II
COLD
Same
NPS, HM
Habitat

0-2.5
WWSF
WWSF
DEF
Same
NPS
Habitat

Shaded areas indicate the segments which were on the 303(d) list

See Appendix A for description of abbreviations

Land Use

The Dane County Land Conservation Department started working with landowners in  the 1970s to change cropping practices to reduce erosion and prevent animal waste from entering streams. Farmers’ adoption of whole farm planning, conservation tillage practices and leaving a buffer strip next to the river helped reduce erosion and sediment entering the river (Connors, 2004).  In 1979, a portion of the West Branch Sugar River Watershed was selected as a high priority area for focusing best management practices (BMPs) in an effort to improve water quality.  The implementation of BMPs lasted from 1981 through 1990.  During this period, focus was on reducing nonpoint source pollution from sheet and rill erosion, streambank pasturing, cattle access to streams, and proper management of animal waste from barnyards and feedlots.  This project was successful at putting a number of conservation practices on the landscape (Sorge, 1997). In 1985, the National Farm Bill went into effect and introduced the Conservation Reserve Program (CRP).  The federally funded program targeted highly erodible soils by providing financial incentives to farmers to retire land from agricultural use (for a minimum duration of 10 years).  This program currently encompasses nearly 6000 acres in the watershed.  Such practices promote infiltration of rainfall and meltwater, increasing base flows and reducing the “flashiness” of high rainfall events.   See Table 2 for a summary of current land use in the watershed.  

Table 2: Land Use in the West Branch Sugar River Watershed

Land Use
Acres
Percent of Land Area

Developed
160
0.40

Agricultural
23,104
54.0

Grassland (includes CRP)
6,928
15.3

Deciduous Forest
11,328
26.6

Wetland
1,088
2.5

Other
513
1.2

Source:  Wisconsin Dept. of Natural Resources Land Cover, 2001

Historical Monitoring

Habitat

Despite the overall good water quality of the West Branch Sugar River, in-stream habitat surveys indicated that the habitat above State Highway 92 suffered from environmental degradation (See Appendix B).  A general survey conducted in 1997 using the Ball (1982) method and more intensive survey conducted in 2000 (Sorge, 2000) on various sections of the stream found the stream had poor to fair habitat.  The main problems were steep, highly eroded banks, shallow depth, and heavy deposits of silt (See Figure 2).  The shallow depth and lack of overhead cover offered little habitat for more than a few species of forage fish.

Fisheries

Historical fisheries surveys conducted by Fago (1974, 1976, and 1979) showed that he lower reaches of the West Branch were inhabited by warm water species such as carp, black crappie, white sucker and a variety of eurythermal minnows.  From 3 to 8  miles above the mouth, brown trout became more predominant, and other cool and cold water indicator species such as brook lamprey and mottled sculpin were found.  This is likely due to the inputs of cold water from spings and Mount Vernon Creek at or about State Highway 92 (WDNR, 1985).   Above mile 10.3 (County Highway U), only forage fish were found and most of those were eurythermal, tolerant species such as white sucker, creek chubs and fathead minnows (See Appendix C).

In 1997, Sorge conducted a watershed assessment that included fish surveys at 5 different locations on the West Branch Sugar River (Table 3).  The survey showed that the numbers of intolerant coolwater species had increased over the past 20 years.  This is likely an indication that the BMPs placed on surrounding lands improved groundwater flows to the river and further indicated the its potential as a cold water fishery.  The Coldwater Index of Biotic Integrity (IBI) ratings developed by Lyons, et. al. (1996) were poor at all the sites as eurythermal tolerant species were still predominant at most segments and habitat was lacking to sustain a number of top level carnivores such as brown trout. 

Table 3: Species List and Coldwater IBI – West Branch of the Sugar River, 1997

Species
Fritz Road
STH 92
CTY U
Primrose Ctr
CTY G

Brown Trout
17
35
23
7
11

Mottled Sculpin
21
11
135
186
988

White Sucker
51
64
100
53
405

Creek Chub
21


6
11

Rainbow Trout


1



Bluntnose Minnow
6





Central Mudminnow
2



6

Common Carp
23
11




Northern Hogsucker
1





Shorthead Redhorse
1





Green Sunfish
2

1



Bluegill



1


Brook Stickleback




2

Coldwater IBI
10 (Poor)
20 (Poor)
20 (Poor)
20 (Poor)
20 (Poor)

Macroinvertebrates

Water quality surveys using macroinvertebrates as an indicator have been conducted on the river since 1979.  The biotic index for macroinvertebrates was developed by Hilsenhoff (1977, 1982, and 1987) and has widely been used in Wisconsin to evaluate water quality of streams.  The index is calculated by assigning tolerance values to aquatic macroinvertebrate species ranging from 0-10 based on their tolerance to organic and nutrient pollution.  The macroinvertebrate richness has ranged from fair to very good for most sites over that time (Table 4), indicating that the river is receiving some, but not significant, organic pollution.  

Table 4: Macroinvertebrate Sampling of the West Branch Sugar River

Site
19791
19822
19832
19903
19973

Malone Rd
-
2.07 (V. Good)
2.06 (V. Good)
4.16 (V. Good)
4.28 (V. Good)

Cty Hwy JG
1.56 (Excellent)
2.44 (Good)
2.59 (Good)
6.63 (Fairly Poor)
4.73 (Good)

Britt Valley Rd
1.56 (Excellent)
2.70 (Good)
2.38 (Good)
4.18 (V. Good)
4.64 (Good)

Cty Hwy U
-
2.08 (V. Good)
1.92 (V. Good)
4.03 (V. Good)
5.12 (Good)

Interpretation based on :  1)  Hisenhoff, 1977.  2) Hilsenhoff, 1982.  3) Hilsenhoff. 1987.

Stream Rehabilitation

In 1999, the DNR, Dane County Land Conservation Department (LCD), landowners and several volunteer organizations began work to improve the riparian corridor and habitat of the stretch of the West Branch Sugar River above State Highway 92.  The LCD received the first of four Targeted Runoff Management (TRM) grants for riprap, fencing,  shaping, seeding, and stabilizing the banks of the river (Figure 3).  Cost share money received from trout stamp funds, the USDA Natural Resources Conservation Service (NRCS), the Wildlife Habitat Improvement Program (WHIP), non-profit organizations and volunteer labor allowed the construction of fish habitat structures for placement at strategic locations along the river (Figure 4).   The LCD subsequently received 3 additional TRM grants for rehabilitating a total of 12 miles of river.

The water quality objective of the project was to reduce streambank erosion by 60%, resulting in an overall reduction in sediment load of over 13,000 tons/year over the whole area of the project.  In all, over 20,000 feet of riprap was strategically placed to stabilize the toe of the stream, 58,000 feet of streambank was shaped, 17 acres seeded and over 1000 fish habitat structures placed in the stream (Table 5).  Nonprofit organizations will hold 20 year, 66 foot-wide easements on the project area for public access.

Table 5: Summary of West Branch Sugar River Rehabilitation Practices and Costs

Year
River Segment
BMPs and other installations
Funding (Dollars)

2000
State Highway 92 to County Highway U
9,300 feet of riprap and edging

18,700 feet of shaping and seeding

10,000 feet of permanent fencing

12 acres of critical seeding

292 fish habitat structures
DNR TRM = 150,000

In-kind labor and funds:

DNR Trout Stamp = 73,169

DNR Habitat = 5,000

NRCS = 30,000

WHIP and LWRM = 10,500

USRWA = 14,200

Trout Unlimited = 1,500

Table 5: Continued

Year
River Segment
BMPs and other installations
Funding (Dollars)

2001
Britt Valley Region

Upstream from County Highway G
6,285 feet of riprap and edging

15,902 feet of shaping and seeding

3,000 feet of permanent fencing

20 acres of critical seeding

302 fish habitat structures
DNR TRM = 150,000

In-kind labor and funds:

DNR Trout Stamp = 20,000

Deer Creek SC = 23, 168.50

USRWA = 19,419

Madison Fishing Expo = 2,500

Badger Fly Fishers = 2,500

USRI = 3,733

Dane Co. Cons. League = 1,500



2002
County Highway U upstream to Primrose Center Road
3,000 feet of riprap and edging

11,205 feet of shaping and seeding

13 acres of critical seeding

240 fish habitat structures
DNR TRM = 119,330.50

In-kind labor and funds:

USDA WHIP = 24,758

USRWA &

Deer Creek SC = 48,000



2003
Primrose Center upstream County Highway G
1,700 feet of riprap and edging

12,000 feet of shaping and seeding

12 acres of critical seeding

186 fish habitat structures
DNR TRM = 100,617

In-kind labor and funds:

USRWA = 22,771

Deer Creek SC = 20,478

Post-rehabilitation Monitoring
Habitat

The DNR conducted pre- and post-rehabilitation monitoring on the sections of river to gage the effectiveness of the project.  In 2000, Sorge (unpublished data) monitored the habitat at 3 sites on the West Branch Sugar River using a protocol developed by Simonson et. al.  (1994).  Habitat scores prior to the project ranged from poor to good.  Post-rehabilitation scores ranged from good to excellent (Table 6 and Appendix D).

Table 6: Pre and Post Rehabilitation Habitat Evaluation – West Branch Sugar River

Site
Pre-rehabilitation
Post-Rehabilitation

State Highway 92
58 (Good)
78 (Excellent)

Upstream State Highway 92 (upstream of cattle crossing)
38 (Fair)
60 (Good)

Downstream from County Highway U
20 (Poor)
65 (Good)

Qualitative Ratings: Excellent (75; Good 50-74; Fair 25-49; Poor < 25

Fisheries

The DNR conducted pre- and post-rehabilitation monitoring on 12 sites along the West Branch Sugar River between 2000 and 2003.  Monitoring on some sections took place while work on other sections had already occurred.  Table 7 shows cool and cold water indicators and most frequently caught species during these surveys.  For a full list of all species sampled, see Appendix E.   In some surveys, only a gamefish were captured, for others a full IBI run was conducted.

Table 7: Pre and Post Rehabilitation Fisheries Evaluation – West Branch Sugar River


2000
2001
2002
2003

1) State Highway 92

Brown Trout
40
7
20
35

Rainbow Trout


3
0

Mottled Sculpin
6
N/A
96
145

American Brook Lamprey
0
0
2
2

White Sucker
180
N/A
96
147

Bluntnose Minnow
0
N/A
0
133

Coldwater IBI
20 (Poor)
N/A
30 (Fair)
20 (Poor)







2) Ralson’s #2

Brown Trout
49
27
33
26

Rainbow Trout
1
1
6
0







3) Ralston’s #3

Brown Trout
19
23
37
20







4) Ralston’s #4





Brown Trout
24
32
47
45

Brook Trout
0
0
1
0

Rainbow Trout
2
2
2
0







5) Downstream CTH U

Brown Trout
N/A
6
48
19

Brook Trout
N/A
0
4
1

Rainbow Trout
N/A
2
7
0

Mottled Sculpin
N/A
52
205
356

American Brook Lamprey
N/A
0
0
2

White Sucker
N/A
191
177
101

Coldwater IBI
N/A
30 (Fair)
40 (Fair)
40 (Fair)







6) Upstream CTH U

Brown Trout
N/A
N/A
40
14

Brook Trout
N/A
N/A
3
1

Rainbow Trout
N/A
N/A
2
0

Mottled Sculpin
N/A
N/A
30
122

White Sucker
N/A
N/A
60
74

Coldwater IBI
N/A
N/A
50 (Fair)
40 (Fair)

Shaded areas indicate pre-rehabilitation monitoring 

Table 7 (continued):


2000
2001
2002
2003

7) Upstream Primrose Center Road

Brown Trout
N/A
N/A
10
9

Rainbow Trout
N/A
N/A
2
0

Mottled Sculpin
N/A
N/A
87
346

White Sucker
N/A
N/A
85
127

Coldwater IBI
N/A
N/A
10 (Poor)
20 (Poor)







8) Upstream County Highway G

Brown Trout
N/A
15
23
14

Mottled Sculpin
N/A
256
253
199

White Sucker
N/A
265
173
138

Bluntnose Minnow
N/A
27
0
213

Coldwater IBI
N/A
20 (Poor)
20 (Poor)
10 (Poor)







9) Rhiner Property to Tributary

Brown Trout
N/A
45
34
33

Mottled Sculpin
N/A
N/A
N/A
197

White Sucker
N/A
N/A
N/A
147

Bluntnose Minnow
N/A
N/A
N/A
51

Coldwater IBI
N/A
N/A
N/A
20 (Poor)







10) Upstream L. Haag Bridge

Brown Trout
N/A
4
27
13

Mottled Sculpin
N/A
126
N/A
92

White Sucker
N/A
98
N/A
131

Coldwater IBI
N/A
20
N/A
20 (Poor)







11) Downstream L. Haag Bridge

Brown Trout
N/A
5
16
5

Mottled Sculpin
N/A
646
559
31

White Sucker
N/A
193
182
137

Creek Chub
N/A
22
8
0

Bluntnose Minnow
N/A
5
0
42

Coldwater IBI
N/A
30 (Fair)
30 (Fair)
10 (Poor)







12) Haag Tributary

Brown Trout
N/A
10
9
7

Mottled Sculpin
N/A
N/A
N/A
78

White Sucker
N/A
N/A
N/A
88

Bluntnose Minnow
N/A
N/A
N/A
20

Coldwater IBI
N/A
N/A
N/A
20 (Poor)

Shaded areas indicate pre-rehabilitation monitoring

Discussion

Post rehabilitation monitoring was limited to habitat and fisheries evaluations as historic macroinvertebrate sampling had already indicated good water quality and land use had generally improved in the watershed over the past 15 years.  Habitat scores showed dramatic improvement from historic and pre-rehabilitation scores.  Because the stream flows through a highly agricultural area, some sections of the river were wide and shallow, the result of over-pasturing which degrades the bank stability and builds up sediment in the main channel of the stream.  With lack of shade, the shallow water in the stream quickly warms, making it uninhabitable to stenothermal, coldwater species such as trout.   In other areas, the river was highly incised with high, eroding banks, cutting off the river from its floodplain.  These areas were highly susceptible to streambank erosion during high flow events.  Eventually, these banks failed and slumped into the river, continuing  the widening process.  Additionally, some sections were lined with box elders and other undesirable tolerant tree species whose canopy shades out grasses and whose root systems do not stabilize the banks.

The rehabilitation project removed most of the undesirable trees.  The banks were sloped back at a 3:1 ratio to allow the river to over-top onto its floodplain during high water events (Figures 5 - 7).  The banks were riprapped at the toe (edge) and seeded, thus establishing grasses with good root structure to preserve bank integrity.  This also provides a buffer to help mitigate runoff from the surrounding agricultural fields. The river was narrowed in appropriate places to increase flow, flushing the soft sediment out of the channel and reestablishing a gravel bottom which is essential to trout reproduction.

Some re-occurrence of brown trout had already occurred due to changes on the landscape that allowed for better baseflow and cooler water (Sorge, 1997).  After rehabilitation, the numbers of trout and other cool and cold water indicators showed only modest increases, or in some cases decreases after project completion.  Coldwater IBI scores showed only modest improvement as well.  Species diversity in established cold water systems is typically very low, generally consisting of only 1 or 2 trout species and a few intolerant cool and coldwater forage species (Lyons et. al., 1996).  Lower scores in the West Branch Sugar River are reflective of the number of tolerant species, primarily white suckers that still inhabit the stream.  The post-rehabilitation IBI scores are typical of what one would tend to see the first couple of years following the implementation of a large scale habitat improvement project as the fish community is typically slower to respond than other biological indicators (Sorge, 2004).  Certain tolerant species will always find conditions in the West Branch favorable as water temperatures are not cold enough to completely preclude their existence. 

The Cold Water IBI is just one metric that is used to evaluate the effectiveness of the project.  Another means of evaluation is the Catch Per Unit Effort (CPUE).  This metric looks at the number of trout collected within a certain length of stream or period of time.  When comparing the 1997 CPUE for brown trout to the 2002 data, the response was positive with the exception of one site (Table 8).  The slight decrease at State Highway 92 can be attributed to angler harvest because of easy access to the site (Sorge, 2004). 

Table 8: Catch Per Unit Effort for Brown Trout in the West Branch Sugar River

Location
1997
2002
Percent Change

State Highway 92
206
180
-12

County Highway U
147
179
+22

Primrose Center
56
68
+21

County Highway G
77
202
+162

Cool and coldwater species now inhabit the sections of river above the project area.   Brown trout and mottled sculpin are now showing up in more numbers as far up as County Highway JG and Barton Road  (WDNR, 2002 and 2003).   Another positive indicator of project success is the evidence of multiple year classes of trout, including 3-4 inch young-of-the-year (YOY) that are evidence of natural reproduction, in the project area.  Evaluation of length frequency data is conducted to determine recruitment, carryover, and year class strength.  Surveys conducted in 1997 showed no YOY present at any of the sampling sites (Sorge, 1997).  Surveys conducted in 2002 and 2003 show the presence of YOY at ten of the thirteen post-evaluation stations (Figure 8).  The presence of YOY at all of these locations indicates that natural reproduction is taking place in the West Branch Sugar River.  This was one of the major limiting factors impacting year class strength and overall population densities.  Prior to the habitat restoration, brown trout did not have suitable spawning habitat.  Now brown trout have access to spawning habitat and desirable substrate that is necessary to complete their life cycle (Sorge, 2004).

Also important is the carryover of one year class to the next.  The length-frequency analysis shows the presence of multiple year classes of trout at all 13 locations with most having at least 4 consecutive year classes present.  Two sites contained 6 year classes.  Densities of brown trout are recovering and populations starting to build toward management goals.  The overall growth rates and condition factors of brown trout seem to be similar to neighboring waterbodies in western Dane County (Sorge 2004).

Conclusion

The West Branch Sugar River has responded to the implementation of best management practices which have helped increase baseflow and reduce erosion.  The repair of the riparian corridor and addition of stream habitat has enabled the river to meet its potential as a coldwater Class II trout water.  For these reasons, the department is proposing to remove the West Branch Sugar River from the state’s list of impaired waters.
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