BPA Project Number 27019

Adult Salmon Abundance Monitoring
Response to ISRP Preliminary Review

Nez Perce Tribe

Department of Fisheries Resources Management

P.O. Box 365

Lapwai, ID 83540

October 10, 2001

ISRP General Comments:

“This is a strong and innovative proposal that would establish quantitative annual monitoring of the spring chinook escapement to the Minam River.  The Minam River spring chinook population is the only Grande Ronde Subbasin stock listed as an index population in the recent NMFS Biological Opinion.  The proposal provides good background and technical justifications but there are several questions that the ISRP recommends a response”

Response to General Comments:

We thank the ISRP for their review and comment on this project proposal and commend their efforts. We agree with the ISRP that Project 27019 “is a strong and innovative proposal that would establish quantitative annual monitoring of the spring chinook escapement to the Minam River.” Furthermore, we believe the recent NMFS Biological Opinion makes clear the need for adult abundance monitoring in the Minam River. 

Thus, this proposed project will provide a scientific basis for salmon conservation in the Minam River and will contribute to the assessment of recovery thresholds in an index stream (NMFS 2000).  The project will use technologies for abundance information that are recognized within the scientific community (Foose et al. 1995, Botkin et al. 2000) and are recommended by the NMFS Biological opinion (NMFS 2000).  Finally, quantifying adult salmon spawner abundance will provide direct, measurable benefits to the Northwest Power Planning Council’s Fish and Wildlife Program and to the region’s knowledge of its salmon resources.

Response to Specific Comments:

ISRP Comment No. 1– “Although the Minam River has been identified as an index site, 
the proposal provides no background on the trends in chinook in the Minam or the data available on this population.  Are you confident that the numbers warrant this major investment? Further, at the briefings, it was revealed that splash dam logging had occurred on the Minam, which generates the question whether the stock and habitat in the Minam is truly representative of other spring chinook populations?

Response to Comment No. 1 – As stated in the proposal, the spring chinook population in the Minam River has experienced a drastic decline in recent decades as have all other Snake River stocks. Figure 1 provides the population trend analysis from 1964 to 1998.
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Figure 1. Minam River chinook salmon population trend

A long term data set of redd counts specific to the Minam River spring chinook population exists from 1949 to the present. These data are generated annually from the spawning ground surveys conducted by the Nez Perce Tribe and Oregon Department of Fish and Wildlife. Trend analysis of these historic data somberly depicts the decline alluded to in the proposal. Yet all Snake River stocks have experienced similar declines. Therefore, in light of the Biological Opinion (NMFS 2000) recommendation for an accurate count of escapement in the Minam River, the Minam’s designation as an index stock, and its similar decline to that of other Snake River populations, we are confident that an investment in adult monitoring is warranted.

The operation of a splash dam between Threemile Creek and Garwood Creek on the Minam River between 1918 and 1924 did alter the natural hydrologic features of the lower half of the river. Some obstructions were removed to facilitate the log drives.  However, unconstrained ecosystem processes have contributed to the recovery of the riparian areas and dynamic equilibrium of the river over the past 67 years (USFS 1994). Although the Minam River watershed is primarily within a federally designated wilderness area, it is similar to many wilderness watersheds in that parts of the drainage experienced timber harvest in historical times. Indeed, a truly non-impacted watershed in the Pacific Northwest would be difficult to find. Again, because the habitat and stock of the Minam River is representative of other populations, it is reasonable to monitor its adult population to establish abundance. The importance of monitoring abundance in the Minam River is highlighted by the fact that it is the only Grande Ronde Subbasin stock listed as an index population in the Biological Opinion (NMFS 2000). Therefore, we agree with the scientists of the Validation Monitoring Panel (Botkin et al. 2000) “… the cost of not monitoring is simply too high”. 

ISRP Comment No. 2 (a) - What is the advantage of the 4 independent systems. Is the benefit of the third or fourth system worth the incremental cost and complexity?  On what basis was this design recommended? 

Response to Comment No. 2 (a) - We are not proposing 4 independent systems. The one proposed system is a multiplexing operation between four transducers. It is a very sophisticated and complex system that Pacific Northwest National Laboratory (PNNL) has deployed on numerous occasions.  The software handles the complexity and makes 4 transducers seamless in the dataset.  In other words, we can process the data independently or together.  Past applications of hydroacoustics toward providing upstream migrant counts have relied on one sample site.  We have proposed, essentially, four transducers all at a site in reasonably close proximity to one another, thus four independent estimates of passage.  One splitbeam transducer will provide a valid estimate of daily passage so the average of four independent estimates should provide an even better estimate of daily abundance.

Secondly, since confidence intervals (CI) are a function of the reciprocal of the square root of n, four transducers (independent sites) would decrease the CI by a factor of 0.50; 3 transducers would decrease the CI by 0.42; and finally, 2 transducers would decrease the CI by 0.29.  Thus, the basis of the sampling design is to derive a better estimate of passage through the mean of four independent counts with as tight a CI as practical.  The incremental cost of the hardware would be 38%; 25%; and, 13%, respectively.  The cost of processing and analysis would not change.

ISRP Comment No. 2 (b)  - What validation procedure would be implemented for both the number of chinook estimated and the species composition of the fish counted? 

Response to Comment No. 2 (b) - Since this is a new proposal, part of project development will be the identification of an appropriate validation method. Based on preliminary assessment, we anticipate using videography for species composition.  However, during the high water runoff period hydroacoustics will be the only sampling method.  This is one of the reasons for the quad multiplexing system.  This type of system would provide four independent abundance estimates with much tighter confidence limits and allow for up and downstream movement detections.  When the video system is installed it will give composition information. Therefore, video can validate hydroacoustics results.  All large hydroacoustics fish targets would be classified as chinook salmon, as chinook salmon are the only salmon in the Minam River.  Only large bull trout could be mistaken for jack chinook salmon by hyroacoustics.  We believe the bull trout spawning migration begins after water levels have dropped and a video system can be operational.  At that time, video would provide the species composition for hydroacoustics estimates.  

 ISRP Comment No. 2 (c)  - It is not evident in the proposal that the NPT has the technical/hydroacoustic expertise in their staff.  These instruments require constant attention and refinement. Does the NPT anticipate recruiting these staff or are they included in this proposal?

Response to Comment No. 2 (c) - As stated in the proposal, the Nez Perce Tribe will enlist the design and engineering expertise of the Pacific Northwest National Laboratory (PNNL). For more than 30 years, scientists at the laboratory have studied the life cycle of Pacific salmon and the factors that affect their survival. They have developed new or refined existing technologies as solutions to salmon monitoring problems. PNNL has experience implementing hydroacoustic monitoring systems, Vaki fish and resistivity counters. They were instrumental in designing video and image-processing technology to monitor adult salmon passage for the Bonneville Power Administration. As contractor, the PNNL will bring the same extensive expertise to the Minam River Adult Abundance Monitoring project.

PNNL hydroacoustic expertise is a valuable asset to this project.  PNNL is the largest single purveyor of hydroacoustic expertise on the Columbia and Snake River drainages at the current time. PNNL has a staff of hydroacoustic experts that have combined experience of well over 100 years.  PNNL currently has the lead in riverine acoustics in the Pacific Northwest above all other groups or agencies.  PNNL will provide the training and expertise to members of NPT as needed.  Initially, the systems will require “on the ground” attention and monitoring. But once the systems are proven to provide the desired results most all control can be transferred to wireless communications from remote sites.  A list of PNNL team members and potential subcontractors for hydroacoustic projects accompanies this response (please see Attachment 1). Finally, in Section 8 of Part 1(Administration and Budgeting), we list $125,000 for salaries and fringe benefits in which to recruit and support appropriate NPT hydroacoustic staff. 

ISRP Comment No. 3 – “The table on page 5, Section 9 provides a nice summary of methods but generates the question about what determined the recommendation to use hydroacoustics.  For example, the resistivity systems would be less difficult to use but maybe limited by the anticipated flow regimes.  Further justification for the recommended system is desirable.”

Response to Comment No. 3 – Each technology listed in the referred table has its own set of physical site and instream criteria for installation and operation.  Considerations for site location are site geology, road access during operation and construction, access to electricity, property ownership, etc.  In addition, numerous scientific literature exists identifying the type of instream characteristics required for installation of these preferred technologies.  Ransom et al. (1999) specify characteristics necessary for successful monitoring via hydroacoustic technology. A selected sampling site should have relatively laminar flow, an acoustically “soft” substrate (sand to small cobble), and a gently sloping bottom with a triangular cross section. 

As stated in the proposal, after consultation with PNNL and a preliminary site visit, hydroacoustics showed the most promise for adult monitoring in the Minam River. Staff from PNNL reviewed the potential monitoring site and recommended hydroacoustics as the most desirable system. The typical late spring hydrograph of the Minam River would probably preclude a resistivity system. Also the Minam River is a listed as a “Wild and Scenic” River. Thus, a crump weir necessary for a resistivity system would not be appropriate given the designation of the river. We believe hydroacoustic technology would be the most benign method for the fish and for the nature of the river.  We also believe that prudent research dictates that passive, non-invasive methodologies be used to determine the abundance of populations facing extirpation. 

Splitbeam hydroacoustics have been the tool of choice for non-invasive fisheries evaluations in the Columbia and Snake river drainages for over a decade (Daum and Osborne 1998; Ransom et al. 1999). Examples of successful monitoring with hydroacoustic technology are abundant in the literature. A partial list is included in this response (please see Attachment 2).

ISRP Comment No. 4 – “To apply the information on spawning escapements, the NPT will also need biological data on the returning adults.  What program will provide that or should that information be included in this proposal to ensure it is collected?”

Response to Comment No. 4 – The Minam River serves as a control stream for nearby supplemented populations. As such, surveys are conducted every year in the Minam River to obtain information from the returning adults. Objective 3 Task 3.8 on page 19 of this proposal states that NPT will continue to conduct spawning ground surveys in the Minam River with our co-manager the Oregon Department of Fish and Wildlife. As part of these surveys biological data are collected from recovered carcasses. 

Additional Review Comments

ISRP Comment – “A final comment is that several organizations along the coast have implemented similar hydroacoustic systems, although experience in river systems is more limited than in lakes, etc.  The NPT may consider forming (or contracting) a technical advisory group to assist in software expertise, site preparation, etc.  The investment in this new program could be very worthwhile but the quality of the resulting data will be highly dependent on the site selected and the environmental conditions expected”.

Response to Comment - A technical hydroacoustic group already exists and PNNL is in communication with them.  Gene Ploskey (PNNL) attended a workshop on riverine acoustics last year and continues to be in touch with people from Alaska and British Columbia.  One ongoing project in British Columbia is on the Fraser River.  That project has informally (Mulligan, Department of Fisheries and Oceans, personnel communication) indicated they are confident in the accuracy of their fish counts (SD 10%, bias < 1%).  Projects in Alaska (Burwen, Alaska Department of Fish and Game, personal communication:  Daum, U. S. Fish and Wildlife, personal communication) using split-beam hydroacoustics are also confident in their accuracy.  Alaska Department of Fish and Game (ADFG) projects using Bendix and dual beam systems are in the process of converting to split-beam hydroacoustics due to their confidence in the increased accuracy.  Bob Johnson is also involved in the Shallow Water Fisheries Acoustics section of the International Council for the Exploration of the Sea (ICES).

ISRP Comment – “Confusion is evident in the outline of objectives and tasks as represented in the proposal’s budget sections. In Section 5, Budget for Construction/Implementation, Objective 2 and its Tasks a, b, and c are planning/design matters and belong in Sect. 4. An Objective 3, “Construct the apparatus” should be created in Section 5, and the former Task 2d should remain with it and be renumbered. Also, the out-year items in Section 7, Budget for M&E, should probably be moved to Section 6, as these are really operations. We realize that the whole project is in effect monitoring project, but in such a case, monitoring should be regarded as the operation, and only activities that evaluate the effectiveness of the monitoring operation should be classed as M&E.”

Response to Comment – We agree that Part I “Administration and Budgeting” can be confusing. We will make the recommended changes in Part I of the proposal. However, the total costs are accurate and necessary for project execution.

Attachment 1.

PNNL Team Members for Hydroacoustic Projects

PNNL Staff

Name
Grade
Duty

Steve Anglea 
Research scientist
Project Lead/acoustics

Bob Johnson 
Chief scientist
Team Leader/acoustics

Mary Ann Simmons 
Research engineer
Data analyst

Craig McKinstry 
Research scientist
Statistician

Joanne Duncan 
Science/engrng assoc
Data processing

Susan Thorsten 
Science/engrng assoc
Data management

Kris Hand 
Science/engrng assoc
Data processing

Kenneth Ham 
Senior research scientist
Data analyst/statistician

Carver Simmons 
Senior research scientist
Physicist/scientist

Jake Tucker 
Senior development engr I
Robotics/engineering

Chris Cook 
Senior research scientist
Hydraulic engineering

John Serkowski 
Research scientist
Animation

Pat Medvick 
Senior research scientist
Data management/programmer

Tom Carlson 
Chief scientist
Scientist/Innovator/acoustics

Gene Ploskey 
Senior research scientist III
Project Leader/acoustics

Scott Titzler 
Science/engrng assoc
Field technician

Bob Mueller 
Senior science/engrng assoc
Field technician

Mickie Chamness 
Science/engrng assoc
Data processing

Georganne O’Connor 
Technical communication specialist
Technical Editor

Traci Degerman 
Science/engrng assoc
Data processing/analysis

Rhett Zufelt 
Science/engrng assoc
Data Processing/analysis

John Thomas 
Chief scientist
Senior statistician

Mark Weiland 
Senior research scientist I
Project Leader/acoustics

Derrek Faber 
Research scientist I
Project Leader/sonic tracking

Dave Clark 
Senior engineer
Engineering

Tim Schiebe 
Senior scientist
Programmer/analyst

Marshall Richmond 
Senior scientist
Senior hydrologist

Potential Subcontractors

Mike Macaulay

(Hydroacoustic Assessments) 
Senior research scientist
Programmer/analyst

Peter Johnson 

(MEVATEC) 
Senior research scientist
Project Leader/acoustics

Carl Schilt 

(MEVATEC) 
Research scientist
Physiologist/acoustics

Gary Johnson 

(BioAnalysts Inc.) 
Chief scientist
Analyst/acoustics

James Dawson 

(BioSonics Inc.) 
Senior scientist
Project Leader/acoustics

George Keilman 

(Sonic Concepts) 
Senior engineer
Ultrasonic design engineer

Jules Jaffe 

(Scripps, UCSD) 
Chief scientist
Oceanographer/acoustics

Jeff Condiotty 

(Simrad) 
Senior research scientist
Vendor

Robert Asplin 

(Simrad/Mesotech) 
Senior research scientist
Senior engineer/programmer

John Skalski 

(Skalski Statistical Services) 
Senior biometrician
Senior biometrician

Alan Wirtz 

(PAS) 
Senior engineer
Senior electronics engineer

John Hedgepeth 

(Tenera) 
Senior scientist
Physicist/analyst

Ed Belcher 

(U of W) 
Scientist/engineer
Acoustical engineer
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Hydroacoustics Applications
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		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98



Indian Cr.

Year

Total redds counted

Indian Creek Redd Counts

10

2

10

0

19

7

1

0

9

11

0

0



CatherineCreekCounts

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98



Sum Catherine Cr.

Year

Total redds counted

Catherine Creek Redd Counts

41

47

15

75

73

147

73

235

144

222

106

42

112

10

80

41

69

22

63

58

28

32

76

152

176

38

32

19

41

63

4

7

9

23

9



SheepCreekCounts

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98



Sheep Cr.

Year

Total redds counted

Sheep Creek Redd Counts

4

24

13

106

74

58

69

21

19

22

18

0

8

8

18

5

18

7

15

0

0

0

5

0

0

0



GrandeRondeCounts

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98



Grande Ronde River (b)

Year

Total redds counted

Grande Ronde River Redd Counts

172

128

143

216

304

194

51

129

110

52

61

42

75

92

42

7

32

38

29

49

26

70

37

112

99

0

31

10

97

88

1

5

13

10

12



GrandeRondeBasinCounts

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98



Average redds/mile

Year

Average redd counts per mile

Grande Ronde River Basin Redd Counts

13.2658959538

9.6279761905

15.4817275748

9.5593635251

10.3977272727

16.0239361702

13.164893617

12.9856584094

11.170212766

12.1276595745

6.5026595745

3.9361702128

5.9834938102

4.434470377

8.1859070465

1.4347202296

2.8550932568

1.7503586801

3.8020086083

3.156384505

2.9448818898

5.6985871272

4.9293563579

7.6327116212

9.4117647059

1.7503586801

2.6398852224

1.7073170732

3.595505618

6.3202247191

0.5795148248

0.4716981132

1.3733075435

2.5080385852

1.3957055215



WallowaRiverSubbasinCounts

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98



Average redds/mile

Year

Average redd counts per mile

Wallowa River Sub-basin Redd Counts

11.4242424242

8.5454545455

8.4848484848

5.6060606061

8.9090909091

10.1818181818

9.5454545455

7.9090909091

10.9090909091

9.1515151515

6.8484848485

4

5.2786885246

2.1632653061

10.1967213115

1.1147540984

1.2131147541

0.8852459016

3.3442622951

2.5573770492

3.3770491803

6.9836065574

4.3606557377

5.9344262295

7.0491803279

1.868852459

2.3278688525

1.8032786885

1.0625

5.125

0.375

0.59375

1.1351351351

2.4137931034

1.40625



GrandeRondeSubbasinCounts

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98



Year

Average redd counts per mile

Grande Ronde River Sub-basin Redd Counts

11.7218543046

9.9290780142

17.358490566

9.5316159251

10.1026694045

16.9613259669

10.9392265193

15.1458885942

11.1878453039

11.1325966851

5.9116022099

3.7016574586

7.0165745856

5.3174603175

5.2317880795

1.8373493976

4.156626506

2.2590361446

4.0963855422

3.5843373494

2.6666666667

4.1911764706

4.1544117647

8.7048192771

10.3313253012

1.686746988

2.4698795181

1.0843373494

4.9397590361

7.2289156627

0.5248618785

0.3867403315

0.8088235294

2.2058823529

0.8088235294



ReddCountData

		Stream		Miles		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98

		S.F. Wenaha R.		6.0		167		79		278		185		128		254		279		164		71		205		49		30		20		60		77		5		24		20		27		23		12		36		68		62		98		9		31		28		58		46		12		2		28		26		24

		Wallowa R.		4.5		35		32		14		15		11		17		14		12		5		11		7		1		15		2		18		0		1		0		1		5		12		3		7		15		7		0		0		1		0		1		0		0		0		2		0

		Little Minam R.		1.5		25		27		25		7		10		7		8		11		19		9		22		13																																		3		6		0		3		5		5		4

		Lower Minam R.		7.5		83		48		44		18		77		75		93		60		72		70		15		25		28		14		65		3		3		2		9		8		6		62		36		64		50		23		36		17		2		35		1		9				19		20

		Upper Minam R.		6.0		68		78		77		32		30		106		82		49		66		48		36		25		24				72		6		7		12		13		13		17		54		27		26		37		10		17		20		14		28		4		1				17		11

		Sum Minam R.		15		176		153		146		57		117		188		183		120		157		127		73		63		52		14		137		9		10		14		22		21		23		116		63		90		87		33		53		37		19		69		5		13		5		41		35

		Bear Cr.		6.5		24		15		12		11		40		23		25		30		55		16		21		33		17		12		25		4		8		4		12		6		11		6		10		10		5		2		2		2		0		9		0		0		0		0		1

		Lostine R.		3.0		114		65		107		99		106		99		76		76		125		138		114		33		77		25		120		21		18		8		58		39		57		68		48		49		107		20		16		11		14		66		7		6		13		27		9

		Hurricane Cr.		3.0		28		17		1		3		20		9		17		23		18		10		11		2		0		0		11		0		0		1		9		7		0		20		5		17		9		2		0		4		1		19		0		0		3				0

		Spring Cr.		1.0		20		6		6		4		1		1		0		0		4		2		0		0

		Lookingglass Cr.		6.2		141		101		210		92		92		165		188		149		63		101		27		28		40		32		25		13		29		7		26		7				12		0		18		53		18		19		7		21		89		14		2		0		27		1

		Indian Cr.		3.0										10		2		10		0		19		7		1		0		9				11																																0		0

		Catherine Cr. (a)		7.5		41		47		15		27		51		85		51		121		85		116		70		21		78		6		47		36		66		16		42		43		23		22		47		103		99		31		19		15		36		54		4		7		8		14		4

		S.F. Catherine Cr.		2.0								17		7		43		3		86		21		33		19		12		21				26		5		0		3		7		4		4		7		21		35		39		1		7		1		0		2		0		0		0		2		0

		N.F. Catherine Cr.		3.0								31		15		19		19		28		38		73		17		9		13		4		7		0		3		3		14		11		1		3		8		14		38		6		6		3		5		7		0		0		1		7		5

		Sum Catherine Cr.		13		41		47		15		75		73		147		73		235		144		222		106		42		112		10		80		41		69		22		63		58		28		32		76		152		176		38		32		19		41		63		4		7		9		23		9

		Sheep Cr.		6.0				4				24		13		106		74		58		69		21		19		22		18						0		8		8		18		5		18						7		15		0		0		0		5		0		0		0

		Grande Ronde River (b)		8.5		172		128		143		216		304		194		51		129		110		52		61		42		75		92		42		7		32		38		29		49		26		70		37		112		99		0		31		10		97		88		1		5		13		10		12

		Grande Ronde River Basin

		Total Redds		75.2		918		647		932		781		915		1205		990		996		840		912		489		296		435		247		546		100		199		122		265		220		187		363		314		532		656		122		184		119		256		450		43		35		71		156		91

		Average redds/mile				13.3		9.6		15.5		9.6		10.4		16.0		13.2		13.0		11.2		12.1		6.5		3.9		6.0		4.4		8.2		1.4		2.9		1.8		3.8		3.2		2.9		5.7		4.9		7.6		9.4		1.8		2.6		1.7		3.6		6.3		0.6		0.5		1.4		2.5		1.4

		Total miles				69.2		67.2		60.2		81.7		88.0		75.2		75.2		76.7		75.2		75.2		75.2		75.2		72.7		55.7		66.7		69.7		69.7		69.7		69.7		69.7		63.5		63.7		63.7		69.7		69.7		69.7		69.7		69.7		71.2		71.2		74.2		74.2		51.7		62.2		65.2

		Wallowa River Subasin

		Total Redds				377		282		280		185		294		336		315		261		360		302		226		132		161		53		311		34		37		27		102		78		103		213		133		181		215		57		71		55		34		164		12		19		21		70		45

		Average redds/mile				11.4		8.5		8.5		5.6		8.9		10.2		9.5		7.9		10.9		9.2		6.8		4.0		5.3		2.2		10.2		1.1		1.2		0.9		3.3		2.6		3.4		7.0		4.4		5.9		7.0		1.9		2.3		1.8		1.1		5.1		0.4		0.6		1.1		2.4		1.4

		Total miles				33.0		33.0		33.0		33.0		33.0		33.0		33.0		33.0		33.0		33.0		33.0		33.0		30.5		24.5		30.5		30.5		30.5		30.5		30.5		30.5		30.5		30.5		30.5		30.5		30.5		30.5		30.5		30.5		32.0		32.0		32.0		32.0		18.5		29.0		32.0

		Grande Ronde River Subasin

		Total Redds				354		280		368		407		492		614		396		571		405		403		214		134		254		134		158		61		138		75		136		119		72		114		113		289		343		56		82		36		164		240		19		14		22		60		22

		Average redds/mile				11.7		9.9		17.4		9.5		10.1		17.0		10.9		15.1		11.2		11.1		5.9		3.7		7.0		5.3		5.2		1.8		4.2		2.3		4.1		3.6		2.7		4.2		4.2		8.7		10.3		1.7		2.5		1.1		4.9		7.2		0.5		0.4		0.8		2.2		0.8

		Total miles				30.2		28.2		21.2		42.7		48.7		36.2		36.2		37.7		36.2		36.2		36.2		36.2		36.2		25.2		30.2		33.2		33.2		33.2		33.2		33.2		27.0		27.2		27.2		33.2		33.2		33.2		33.2		33.2		33.2		33.2		36.2		36.2		27.2		27.2		27.2

		(a) 10 miles surveyed in 1964

		(b) 14.0 miles surveyed in 1964, 7.5 miles surveyed in 1966, 18.0 miles surveyed in 1967, 21.0 miles surveyed in 1968, and 10.0 miles surveyed in 1971

		Source: Carmichael and Boyce 1986, with corrections, and recent spawning ground counts

				Miles																																				YEARS

						64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96

		Lostine R.		3.0		114		65		107		99		106		99		76		76		125		138		114		33		77		25		120		21		18		8		58		39		57		68		48		49		107		20		16		11		14		66		7		6		13

		Redds/mile				38		21.6666666667		35.6666666667		33		35.3333333333		33		25.3333333333		25.3333333333		41.6666666667		46		38		11		25.6666666667		8.3333333333		40		7		6		2.6666666667		19.3333333333		13		19		22.6666666667		16		16.3333333333		35.6666666667		6.6666666667		5.3333333333		3.6666666667		4.6666666667		22		2.3333333333		2		4.3333333333

		Minam River				176		153		146		57		117		188		183		120		157		127		73		63		52		14		137		9		10		14		22		21		23		116		63		90		87		33		53		37		19		69		5		13		5

		Redds/mile

		Catherine Creek				41		47		15		75		73		147		73		235		144		222		106		42		112		10		80		41		69		22		63		58		28		32		76		152		176		38		32		19		41		63		4		7		9

		Redds/mile





ReddCountData
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Sheep Creek

YEARS

REDD COUNTS

Figure 5.  Spring chinook spawning ground counts in Union County, Or.
Sheep Creek index areas.
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NPT; R. G. Szerlong:
Minam River , combined index reaches.

NPT; R. G. Szerlong:
Catherine Creek, combined index reaches.


