BECKY CREEK (RUSK CO.) ASSESSMENT, 2009-10

Craig Roesler, Water Quality Biologist

DNR – Hayward

January 2011

Introduction
Becky Creek is a small coldwater brook trout stream located in Rusk County north of the Village of Bruce.  Becky Creek’s headwaters are in the Blue Hills and its mouth is at the Chippewa River (figure 1).  The lower 1.6 miles of the creek was placed on Wisconsin’s impaired waters (303d) list (figure 2) due to water temperature limitations.  This stream segment was placed on the list based on the judgment of a former DNR fish manager for Rusk County, who felt the entire stream length had the potential to be a Class 1 coldwater trout stream.  The lower segment is currently identified as supporting a warmwater fish community.

A portion of this lower segment had been heavily pastured for many years and also had a barnyard runoff problem in the past.  The barnyard runoff problem was corrected several years ago, and a new landowner is no longer pasturing the streambanks.   An assessment of lower Becky Creek was initiated in 2009 to determine if its placement on the 303d list is appropriate and to evaluate its potential for restoration.  Drought and beaver dams caused lower Becky Creek to go dry in 2009, so the assessment was continued in 2010.
The assessment included the following components:

· Continuous temperature monitoring at a site upstream of the impaired segment and a site within the impaired segment.
· Fish community surveys of a 300 meter section within the impaired segment, and a 300 meter section upstream of the impaired segment.
· Macroinvertebrate samples at a site upstream of the impaired segment and a site within the impaired segment.
·  Stream width and depth measurements of the upper 634 meters of the impaired segment, and an 823 meter segment upstream of the impaired segment.
· A count of woody stems near the streambank in the upper 634 meters of the impaired segment (the formerly pastured area).
· Photos of the stream channel in the impaired segment at 6 locations in 2009 and 2010.
· Streamflow measurements at multiple sites on one date to assess the distribution of groundwater inputs.

Other existing data for Becky Creek was also reviewed and incorporated into this report. 

FIGURE 1.  BECKY CREEK WITH KEY ROAD CROSSINGS
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FIGURE 2.  IMPAIRED SEGMENT OF BECKY CREEK
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Stream Temperatures

Stream temperatures at 2 sites were monitored from May 19th, 2010 to September 13th, 2010.  The upper site is 60 meters upstream of the impaired segment within a wooded area.  The lower site is within the impaired segment and downstream of a historically pastured area that is mostly unshaded.  Temperature data is shown in figures 3 and 4.  

During the summer (June-August), the daily mean temperature at the upper site exceeded 72oF on 11 days.  Coldwater streams have summer daily mean temperatures less than 72oF, while coolwater streams have summer daily mean temperatures between 72oF and 77oF.  Thus, even above the impaired segment, only a coolwater temperature regime was present.  The highest daily mean temperature at the upper site was 74.5oF (July 6th), and the highest hourly temperature was 77.8oF (August 9th).   
The lower site is subject to additional warming since it is below a historically pastured area with a widened stream channel that is mostly exposed to full sun.  Summer daily mean temperature exceeded 72oF on 16 days.  A coolwater temperature regime was present.  The highest daily mean temperature was 74.9oF (August 9th) and the highest hourly temperature was 83.4oF (July 3rd).  
On the 16 warmest summer days, daily mean temperatures at the lower site exceeded the upper site by an average of 1.0oF, and a maximum of 2.6oF.  Highest hourly temperatures at the lower site exceeded the upper site by an average of 3.7oF and a maximum of 8.0oF.

Figure 3.  Temperature record for Becky Creek at upper site (60 m upstream of the impaired segment; N45.50623,W91.26153)


[image: image1]
Figure 4.  Temperature record for Becky Creek at lower site (360 m downstream of the impaired segment start; downstream of the historically pastured area; N45.50195, W91.26437)
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Fish Community Surveys
Fish community surveys were conducted for 2 stream segments on June 21, 2010 – a 300 meter segment within the formerly pastured area of the impaired segment and a 300 meter segment immediately upstream of the impaired segment of the creek.  Survey results are shown in table 1. 
At the downstream segment (formerly pastured) 650 fish were captured and 18 species were present.  No trout were found.  Species requiring cool water (stenothermal coolwater) comprised 18% of the catch.  The segment had a small stream index of biotic integrity (IBI) of 100 (excellent), and a coldwater IBI of 20 (poor).

At the upstream segment (wooded) 216 fish were captured and 13 species were present.  No trout were found.  Species requiring cool water (stenothermal coolwater) comprised 20% of the catch.  The segment had a small stream IBI of 90 (good), and a coldwater IBI of 10 (poor).

The downstream segment had a higher IBI score because it has a higher stream gradient (18.7 ft/mile vs. 10.4 ft/mile for the upstream segment).  This results in more coarse gravel and cobble habitat and a better pool/riffle/run structure.  Gravel and cobble dominated pool and run substrate in the downstream segment, while sand dominated pool and run substrate in the upstream segment where gravel and cobble were restricted to infrequent riffles.
The downstream segment also had substantial amounts of reed canary grass in shallow areas.  This provided an additional habitat component that was not present in the upstream segment.

The upstream segment had fewer fish, but the fish present were much larger on average than those in the downstream segment.  Very few young of year fish were present in the upstream segment, possibly due in part to predation by larger creek chubs.
Mottled sculpin were present in both segments.  They are considered a coldwater stenothermal species, but are also known to occur in coolwater streams.  Despite somewhat warmer temperatures, there were more mottled sculpins in the downstream segment, probably due to the abundance of coarse substrate that they prefer.

	TABLE 1. BECKY CREEK FISH SURVEY DATA, JUNE 21, 2010

	

	DOWNSTREAM SEGMENT (FORMERLY PASTURED)

	Starting Point at old cattle crossing gate, N45.50243, W91.26354

	End Point at N45.50456, W91.26303

	Segment Length = 300 meters

	Survey Gear - Backpack Shocker, single upstream pass

	

	
	
	stenothermal
	stenothermal
	low D.O.
	

	Species Collected
	Number
	coolwater
	coldwater
	tolerant
	intolerant

	western blacknose dace
	151
	
	
	
	

	white sucker
	113
	
	
	
	

	largescale stoneroller
	84
	
	
	
	

	common shiner
	61
	
	
	
	

	pearl dace
	54
	x
	
	
	

	creek chub
	35
	
	
	
	

	finescale dace
	29
	x
	
	
	

	blackside darter
	25
	
	
	
	

	mottled sculpin
	24
	
	x
	
	

	johnny darter
	19
	
	
	
	

	longnose dace
	11
	
	
	
	

	brassy minnow
	10
	x
	
	
	

	brook stickleback
	9
	
	
	x
	

	hornyhead chub
	9
	
	
	
	

	central mudminnow
	8
	
	
	x
	

	blackchin shiner
	4
	
	
	
	x

	northern hog sucker
	2
	
	
	
	x

	black bullhead
	2
	
	
	x
	

	

	Total number =
	650
	

	Number of species =
	18
	

	% stenothermal coolwater =
	18
	

	Small stream IBI = 100 = excellent

	Coldwater IBI = 20 = poor

	

	UPSTREAM SEGMENT (WOODED)

	Starting Point at property fence line, N45.50613, W91.26188

	End Point at N45.50835, W91.26098

	Segment Length = 300 meters

	Survey Gear - Backpack Shocker, single upstream pass

	

	
	
	stenothermal
	stenothermal
	low D.O.
	

	Species Collected
	Number
	coolwater
	coldwater
	tolerant
	intolerant

	western blacknose dace
	48
	
	
	
	

	white sucker
	45
	
	
	
	

	creek chub
	40
	
	
	
	

	pearl dace
	40
	x
	
	
	

	common shiner
	25
	
	
	
	

	mottled sculpin
	4
	
	x
	
	

	longnose dace
	4
	
	
	
	

	blackside darter
	3
	
	
	
	

	johnny darter
	2
	
	
	
	

	central mudminnow
	2
	
	
	x
	

	largescale stoneroller
	1
	
	
	
	

	brook stickleback
	1
	
	
	x
	

	northern redbelly dace
	1
	x
	
	
	

	

	Total number =
	216
	

	Number of species = 
	13
	

	% stenothermal coolwater =
	20
	

	Small stream IBI = 90 = good

	Coldwater IBI = 10 = poor


Data from these and other Becky Creek fish surveys is summarized in table 2.  Coldwater conditions, with brook trout present, were only found at the 2 most upstream sites, Imalone Road and Sentinel Ash Road.  The quality of the coldwater community declines substantially between these 2 sites with a drop in the coldwater IBI from good to fair.  Brook trout have not been documented at any of the downstream sites surveyed.  Warmwater gamefish (smallmouth bass, walleye, northern pike) were present in 2 of the 4 fish surveys downstream of STH 40.   
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Macroinvertebrate Samples
Macroinvertebrate data for the 2 sites sampled in 2010 along with other existing data for Becky Creek is summarized in table 3.  All biotic index ratings are fair to excellent, with the exception of the 2008 sample at STH 40 which had a poor Hilsenhoff biotic index (HBI) rating.  The stream had been dry at this site for an extended period prior to sample collection in the fall, which probably accounts for this discrepancy.  The 2010 sample from the same site had an HBI rating of excellent. 
There was no decline in the HBI or the macroinvertebrate index of biotic integrity (MIBI) from the upper to lower sites sampled in the spring of 2010.  The upper site is just above the impaired segment of the creek and the lower site is below STH 40, within the impaired segment.  The lower site actually has better scores for both indices (HBI = 3.0, MIBI = 8.8) than the upper site (HBI = 3.5, MIBI = 6.5).  Both sites had been dry during summer and early fall of 2009.  They had flow in late fall of 2009 and spring of 2010, when the samples were collected.  The timing of flow interruption and flow return probably altered the macroinvertebrate community in 2010.  The dominant stoneflies and blackflies in the samples were species whose eggs can tolerate dewatering.  These species also have low tolerance values that result in improved HBI scores.  
[image: image10.jpg]



Stream Width and Depth Survey
Stream width and depth measurements were made for 2 stream segments - a 634 meter segment immediately downstream of the start of the impaired segment and an 823 meter segment immediately upstream of the impaired segment of the creek.  Stream widths were measured every 100 feet and 4 depth measurements were made at each transect (at 1/5, 2/5, 3/5 and 4/5 of stream width).  Survey results are shown in table 4.
The downstream segment (formerly pastured) had a mean width of 20.6 feet, which was substantially wider than the upstream segment (wooded) with a mean width of 13.8 feet.  The higher gradient in the downstream segment would have resulted in a narrower channel than in the upstream segment under natural conditions.  Past cattle pasturing has caused a dramatic widening of the downstream segment.
The downstream segment is also shallower (mean = 7.5 cm) than the upstream segment (mean = 9.4 cm).  Higher gradient and the wider channel probably account for this difference.  The survey data for the downstream segment will provide a basis for future comparisons when the channel is likely to narrow and deepen. 

	TABLE 4. BECKY CREEK STREAM MORPHOLOGY DATA, APRIL 22, 2010

	Streamflow = 2.2 cfs

	

	DOWNSTREAM SEGMENT (FORMERLY PASTURED)

	Starting Point at old cattle crossing gate, N45.50243, W91.26354

	End Point at property fence line, N45.50613, W91.26188

	

	Transect
	Transect 
	
	
	
	
	

	Distance from
	Width
	Depth 1
	Depth 2
	Depth 3
	Depth 4
	No. young woody stems**

	Start Pt.(ft)
	(ft)
	(cm)
	(cm)
	(cm)
	(cm)
	between transects

	100
	28
	9
	4
	6.5
	3.5
	31

	200
	33
	3
	1
	1
	1.5
	18

	300
	32
	10
	2
	0.5
	4.5
	21

	400
	41
	0
	6.5
	7.5
	11.5
	9

	500
	19.5
	9
	9
	7.5
	5
	35

	600
	19
	3
	4.5
	4.5
	4.5
	9

	700
	20
	6
	8.5
	8
	5
	126

	800
	18
	10.5
	20
	15
	10
	19

	900
	15.5
	12
	15
	12
	10
	25

	1000
	14.5
	7
	7
	8
	8.5
	79

	1100
	24.5*
	6.5
	6.5
	7
	11.5
	200

	1200
	30*
	9.5
	7
	7
	10
	98

	1300
	35*
	17
	12.5
	8.5
	10
	39

	1400
	13.5
	10
	9.5
	10.5
	10
	32

	1500
	8.5
	2
	4
	5
	5.5
	44

	1600
	23
	8
	5.5
	0.5
	9
	95

	1700
	15
	10
	10
	10.5
	10.5
	79

	1800
	20
	9
	6.5
	5.5
	2
	120

	1900
	9
	6.5
	9.5
	10
	6.5
	53

	2000
	20*
	9
	5.5
	9
	9.5
	62

	2080
	end point
	
	
	
	
	85

	

	mean transect width = 
	20.6
	

	mean depth = 
	7.5
	

	
	Total woody stems =
	1279

	**Young woody stems (< 1cm dia.) within 1.5 m of both banks were counted.

	Most were alders, with some willow, maple, and ash.

	

	UPSTREAM SEGMENT (WOODED)

	Starting Point at property fence line, N45.50613, W91.26188

	End Point at N45.51125, W91.25970

	

	Transect
	Transect 
	
	
	
	
	

	Distance from
	Width
	Depth 1
	Depth 2
	Depth 3
	Depth 4
	

	Start Pt.(ft)
	(ft)
	(cm)
	(cm)
	(cm)
	(cm)
	Comments

	100
	4
	11
	10
	8
	5
	

	200
	4.5
	5.5
	6
	5
	2.5
	

	300
	9.5
	7
	5
	3
	1
	

	400
	15.5
	0
	0.5
	2
	8
	

	500
	15
	9
	14
	12.5
	13.5
	

	600
	8.5*
	8
	3.5
	6.5
	9
	

	700
	11
	3
	6.5
	8.5
	8
	

	800
	15.5
	6
	10.5
	10.5
	8
	

	900
	24
	22.5
	21
	25.5
	11.5
	beaver dam influenced

	1000
	16
	20
	24
	23.5
	17
	beaver dam influenced

	1100
	20.5
	8
	14.5
	18.5
	22
	beaver dam influenced

	1200
	33*
	8
	17.5
	27
	17.5
	beaver dam influenced

	1300
	18
	19
	17
	15
	10.5
	beaver dam influenced

	1400
	14.5
	9
	8.5
	10
	13.5
	beaver dam influenced

	1500
	22
	10.5
	8.5
	9
	9.5
	beaver dam influenced

	1600
	19
	16
	18
	21.5
	21.5
	beaver dam influenced

	1700
	6.5
	2.5
	7
	10.5
	12.5
	

	1800
	20.5
	17.5
	15.5
	9
	12.5
	

	1900
	17
	26
	11
	16
	6
	

	2000
	13.5
	10.5
	14.5
	14.5
	12
	

	2100
	13
	4
	7.5
	9
	6.5
	

	2200
	20
	8
	9.5
	10.5
	11
	

	2300
	22.5
	14
	24
	22.5
	18
	

	2400
	19
	12
	8
	1
	4.5
	

	2500
	10.5
	5
	6
	5
	3
	

	2600
	20
	8.5
	1
	9
	5.5
	

	2700
	10
	3
	3
	2.5
	4
	

	

	mean transect width*** = 
	13.8
	

	mean depth*** = 
	9.4
	

	

	***Without beaver dam influenced transects

	*channel widths that are the sum of split channel measurements


Streambank Woody Stem Count

Young woody stems (< 1cm dia.) within 1.5 m of both banks in the downstream segment (formerly pastured) were counted (table 2).  This was done to assess the naturally occurring re-establishment of woody vegetation that will eventually provide shade to this stream segment.  A total of 1,279 stems were counted along the 634 meter segment.  This is an average of one woody stem per 1 meter of stream bank.  Most stems were alders, with substantial numbers of willows, and far fewer maple and ash trees.
Stream Channel Photos
Six photo stations were established in the formerly pastured stream segment.  Upstream and downstream photos were taken at each station in 2009 and 2010 (appendix 1).  The photos were intended to help document naturally occurring changes in channel morphology over time.  Improved vegetation of streambanks and scouring and deposition during flood events are expected to gradually narrow the channel.  Only subtle changes are noticeable in the photos between the 2 years, with improved bank vegetation in 2010.  Stream water levels were higher in the 2009 photos, which limits comparisons.  Channel narrowing was observed at a few locations due to increased vegetation and point bar deposition, but these locations are not well depicted in the photos.  The photos can serve as a baseline for future, more long-term changes. 

Streamflow Measurements / Groundwater Discharge
Streamflow measurements were made under base flow condition on July 8th, 2009 to help assess patterns of groundwater discharge to Becky Creek.  Streamflow at Imalone Road (figure 1) was 1.3 cubic feet per second (cfs).  At Sentinel Ash Road, 2.2 miles downstream, streamflow was reduced to 0.3 cfs.  At Edgewood Road, 1.7 miles further downstream, a beaver dam was impounding the stream and prevented a flow measurement.  The next stream site observed was 1 mile downstream of Edgewood Road where no streamflow was present.  No flow or only a slight trickle of flow was observed from there to below STH 40.  Becky Creek was also observed to have no flow at STH 40 on September 3rd, 2008.  
Groundwater discharge to Becky Creek in 2009 was restricted to the headwaters above Imalone Road.  The stream was losing water to the ground downstream of Imalone Road.  Groundwater discharge to a stream is needed to maintain coldwater conditions required by trout.  Droughty conditions occurred prior to, and during 2009, so water table levels were below average.  However, the total lack of groundwater discharge to lower reaches of the stream suggests this may be a natural limitation to coldwater conditions even during periods of normal precipitation.
Conclusions
The lower segment of Becky Creek (1.6 miles) should be removed from the 303d list of impaired waters and placed on the “watch” list.  It was placed on the impaired waters list based on the professional judgment of a former DNR fish manager, who felt this segment had the potential to be coldwater and support trout.

It appears the lack of coldwater in this segment is due primarily to hydrologic conditions rather than land use practices.  In 2009, groundwater discharge to the creek was restricted to the headwaters area in the Blue Hills, upstream of Imalone Road.  The creek was rapidly losing water to the ground downstream of there and was completely dry before reaching the STH 40 crossing.  Substantial discharge of cold groundwater to a stream is needed to maintain coldwater conditions for trout.  
Additional observations of groundwater discharge to the creek should be made in the future during years of more normal precipitation.  This would help verify that inadequate groundwater discharge to maintain cold water is a chronic condition.  
Fish surveys since 1967 have not found trout present in the lower segment of Becky Creek.  This suggests that even in periods of normal precipitation, groundwater discharge is inadequate to produce coldwater conditions there.  The current DNR fish manager for Rusk County made the following comments in his 2010 survey report for lower Becky Creek – “The absence of trout in repeated surveys, our observations of instream habitat characteristic of warmwater fish communities, and this station’s proximity to the Chippewa River suggest that the current class 1 trout water designation may not be appropriate or attainable in the segment downstream of hwy. 40.  Recommend review of current class 1 trout designation and current listing on CWA 303d listing of impaired waters.”

The formerly pastured area in the creek segment currently listed as impaired is showing signs of natural recovery.  Streambanks were quickly revegetated with grasses and herbs once cattle pasturing stopped.  Young woody vegetation is appearing and will begin to provide significant shading in several years.  Some channel narrowing and point bar expansion were observed between 2009 and 2010.  
Some of the very wide pools and steeply banked areas in the formerly pastured area will probably take much longer to improve.  This stream section’s potential to only support a warmwater forage fish community does not justify making expenditures to artificially improve the stream channel.  Natural scouring and deposition processes should eventually produce channel improvements.
The remainder of the impaired creek segment is located downstream of highway 40.  This section of the creek should probably be classified as supporting a warmwater sport fish community.       
APPENDIX 1

BECKY CREEK

2009 AND 2010 PHOTOS
Site 1, upstream, May 2009
[image: image11.jpg]



Site 1, upstream, April 2010
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Site 1, downstream, May 2009
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Site 1, downstream, April 2010
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Site 2, upstream, May 2009
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Site 2, upstream, April 2010
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Site 2, downstream, May 2009
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Site 2, downstream, April 2010
[image: image18.jpg]



Site 3, upstream, May 2009
Site 3, upstream, May 2009
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Site 3, upstream, April 2010
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Site 3, downstream, east channel, May 2009
Site 3, downstream, east channel, May 2009
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Site 3, downstream, east channel, April 2010
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Site 3, downstream, west channel, May 2009
Site 3, downstream, west channel, May 2009
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Site 3, downstream, west channel, April 2010
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Site 4, upstream, May 2009
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Site 4, upstream, April 2010
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Site 4, downstream, May 2009
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Site 4, downstream, April 2010
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Site 5, upstream, May 2009
Site 5, upstream, May 2010
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Site 5, upstream, April 2010
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Site 5, downstream, May 2009
Site 5, downstream, May 2009
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Site 5, downstream, April 2010
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Site 6, upstream, May 2009
Site 6, upstream, May 2009
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Site 6, upstream, April 2010
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Site 6, downstream, May 2009
Site 6, downstream, May 2009
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Site 6, downstream, April 2010
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TABLE 2. BECKY CREEK FISH SURVEY DATA SUMMARY�
�
�
�
�
No. of 


Brook


Trout�
�
Warmwater


Gamefish


Present?�
�
�
Station 


Length (m)�
�
No. of


Species�
Coldwater


IBI�
�
�
Site �
Year�
�
�
�
�
�
�
Imalone Rd�
2010�
189�
62�
10�
60 (good)�
no�
�
Sentinel Ash Rd�
2010�
274�
26�
9�
40 (fair)�
no�
�
above STH 40, unimpaired seg.�
2010�
300�
0�
13�
10 (poor)�
no�
�
above STH 40, impaired seg.�
2010�
300�
0�
18�
20 (poor)�
no�
�
below STH 40�
2010�
160�
0�
>11�
�
no�
�
below STH 40�
2005�
213�
0�
12�
�
no�
�
below STH 40�
2000�
274�
0�
15�
�
yes�
�
below STH 40�
1967�
unknown�
0�
unknown�
�
yes�
�
�
�






TABLE 3.  BECKY CREEK MACROINVERTEBRATE DATA�
�
�
�
�
�
�
�
�
Site �
Year�
MIBI Score�
MIBI Rating�
HBI Score�
HBI Rating�
�
Imalone Rd�
1994�
10.9�
excellent�
1.6�
excellent�
�
Imalone Rd�
2001�
9.6�
excellent�
2.4�
excellent�
�
Sentinel Ash Rd�
2000�
11.5�
excellent�
2.5�
excellent�
�
Sentinel Ash Rd�
2008�
9.3�
excellent�
5.5�
good�
�
Trib at Bennor Rd�
2005�
6.1�
good�
6.3�
fair�
�
1/2 mi. below Edgewood Rd�
1994�
7.5�
excellent�
5.2�
good�
�
above STH 40 unimpaired seg.�
2010�
6.5�
good�
3.5�
excellent�
�
STH 40�
1994�
7.0�
good�
6.3�
fair�
�
STH 40�
2000�
7.2�
good�
4.5�
very good�
�
STH 40�
2008�
6.8�
good�
8.1�
poor�
�
STH 40�
2010�
8.8�
excellent�
3.0�
excellent�
�
�
�
MIBI = macroinvertebrate index of biotic integrity�
>7.5 =�
excellent�
�
�
�
5.0-7.4 =�
good�
�
�
�
2.6-4.9 =�
fair�
�
�
�
0-2.5 =�
poor�
�
�
�
�
�
�
�
HBI = Hilsenhoff biotic index�
0-3.50 =�
excellent�
�
�
�
3.51-4.50 =�
very good�
�
�
�
4.51-5.50 =�
good�
�
�
�
5.51-6.50 =�
fair�
�
�
�
6.51-7.50 =�
fairly poor�
�
�
�
7.51-8.50 =�
poor�
�
�
�
8.51-10.0 =�
very poor�
�
�
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BECKY CREEK PHOTO OBSERVATION SITE DESCRIPTIONS�
�
�
�
�
�
�
�
Site No.�
Latitude�
Longitude�
Marker Description�
�
�
�
1�
45.50615�
91.2621�
at 9" and 6" diameter ash trees with bark scraped, on island �
�
�
�
�
�
(about 100 ft. below property fenceline)�
�
�
�
2�
45.50558�
91.2618�
at 5-stemmed red maple, streamside stem (8" dia.) with bark scraped�
�
3�
45.50500�
91.26216�
at 13" dia. ash tree with bark scraped on island�
�
�
�
4�
45.50429�
91.26328�
at large 4' x 4' flat topped boulder on west bank�
�
�
�
5�
45.50305�
91.26293�
at 11" diameter elm with bark scraped, 8' up east bank, �
�
�
�
�
�
at lower end of wide pool�
�
�
�
6�
45.50243�
91.26357�
at fence panel hanging across stream�
�
�
�
�
�
�
�
�
Sites are listed upstream to downstream�
�
�
�
�
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