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MEMORANDUM
590 Ygnacio Valley Rd., Suite 200


Walnut Creek, CA  94596


(925) 935-9920

To:
Geoff Rabone

From:
Craig Geldard, Wayne Lifton, and Larry Wise

Date:
August 3, 2005

Re:
Discussion of Reference Trout Density Assessment Approaches

This memo is both a review of the US Forest Service (USFS) file titled “FS fish reference.xls”, and a discussion of our analytical approach in an attempt to resolve differences in the calculation and use of reference trout population densities.  There have been discussions of these approaches in both the CAWG and Plenary.  The USFS file titled “FS fish reference.xls” calculates an average fish density per elevation category using trout data from a number of sampling sites at a range of elevations above mean sea level (MSL).  The USFS used these values in assessing if fish densities in the Big Creek ALP study streams were similar to those in unimpaired regional streams.  This was one consideration used by the USFS in developing their Settlement Proposal.  Our review of the USFS spreadsheet identified the following issues for discussion and resolution:

1. The stream reaches used did not appear to follow the streams selected for inclusion during the May 10, 2005 Big Creek Collaborative Combined Aquatics Working Group (CAWG) meeting.

2. There was a conversion error in the USFS file when converting fish per hectare to fish per acre.

3. The USFS treated each sampling event equally in calculating regional averages, regardless of whether a specific site was sampled once or multiple times.  This results in streams sites with multiple sampling events being given more weight than sites or even entire streams with single sampling events, introducing a potential numerical bias in the analysis.

4. The use of 75 percent (or some other value) of regional reference fish densities as an appropriate threshold level for comparison (densities within 25 percent are considered to be the same) and as an acceptable representation of the level of interannual variation in trout populations. 
5. The elevation breaks used by the USFS to categorized streams and identify appropriate reference streams.  The three elevation reference groups were High Elevation Streams, Middle Elevation Streams, and Low Elevation Streams.  High Elevation Streams ranged from 5,200 to 7,840 feet above MSL, Middle Elevation Streams ranged from 3,380 to 4,980 feet above MSL, and Low Elevation Streams ranged from 1,400 to 2,400 feet above MSL.  Some of these elevation ranges may be too broad for use as reference groups for Big Creek ALP reaches.
Each of these issues is discussed below.  A new file titled “FS fish reference v5.xls” is attached to this memo.  It includes two worksheets (1) “USFS Calculations,” which is a copy of the USFS calculations from the file titled “FS fish reference.xls” with a few additional calculations, and (2) “SCE Calculations” which recalculates fish densities by including all of the stream reaches identified for inclusion based on the May 10, 2005 CAWG meeting.  The “SCE Corrections” worksheet removes the potential bias caused by including multiple sampling events in a given stream site by calculating the average density of all samples taken at that stream section and using this in the across stream averages.  The correct conversion from hectares to acres is included in both worksheets.

1. Streams/Reach Inclusion/Exclusion

USFS Trout Population Density Values

The USFS trout population density analysis includes data from some streams and stream reaches, but excludes other streams and reaches.  No rationale or criteria for stream or reach selection was provided.  A summary of the streams included and excluded in the USFS analyses follows.

Streams/Reaches Included:

· Low Elevation Reaches – Clavey River, Marble Fork Kaweah River, Merced River (El Portal and At South Fork), and MF Kaweah River.

· Middle Elevation Reaches – Clavey River, SF Kings River, and SF Merced River.

· High Elevation Reaches – Clark Fork Stanislaus, Clavey River, EF Kaweah River, Marble Fork Kaweah River, and MF San Joaquin River.

Streams/Reaches Excluded

· Clark Fork Stanislaus River (Sec. 2), Clavey River (Secs. 7 and 8), Kern River, Marble Fork Kaweah River (Sec. 4), Merced River (Yosemite Valley Reach), Middle Fork San Joaquin River (Secs. 3, 4, 5, 6, 7, 8, and 9) NF Tule River, SF Kern River, SF of MF Tule River, and Trout Creek.

However, the only stream reaches that were selected for exclusion at the May 10, 2005 CAWG meeting were the SF Merced River, Merced River at El Portal, sites in the Merced River below Yosemite Valley, and sites in the Kern River below Fairview Dam.

SCE Trout Population Density Values

The “SCE calculations” worksheet in the “FS fish reference v5.xls” workbook calculates the average fish densities in the same manner as the USFS performed, but utilizes data from all stream reaches not selected for exclusion at the May 10 CAWG Meeting.  A summary of the streams included and excluded in the SCE analyses follows.

Streams/Reaches Included:

· Low Elevation Reaches – Clavey River, Marble Fork Kaweah River, and MF Kaweah River.

· Middle Elevation Reaches – Clavey River, Merced River (Yosemite Valley), NF Tule River, SF Kings River, and SF of MF Tule River.

· High Elevation Reaches – Clark Fork Stanislaus, Clavey River, EF Kaweah River, Kern River near Johnsondale Bridge, Marble Fork Kaweah River, MF San Joaquin River, SF Kern River, SF of MF Tule River, and Trout Creek.

Streams/Reaches Excluded

· SF Merced River, Merced River (near El Portal and at South Fork), and Kern River (below Fairview Dam).

We should try to reach understand the reasons for streams included or excluded.  We also should try to reach agreement on a common set of reference streams.

2. Area-based Conversion

In the original file “FS fish reference.xls,” there was an error in the conversion from trout per hectare to trout per acre.  When converting trout per hectare to trout per acre, the USFS file multiplied fish density when it should have been divided.  Since a hectare is approximately 2.5 times the size of an acre (“1 hectare is equal to 2.47 acres, which is a conversion from Rosgen's Reference Reach Field book”).  Therefore if there are 247 trout in a hectare of stream, there are 247 trout in 2.47 acres or 100 trout in an acre.  In these conversions, there should be fewer trout per acre than trout per hectare.  Therefore, densities of fish per hectare should be divided by 2.47 to convert to fish per acre.

The corrected average adult trout densities per acre are presented in Table 1.  This calculation is presented in the “USFS Calculations” worksheet in the file “FS fish reference v5.xls.

Table 1.
Recalculation of Conversion of Average Adult Trout Density Per Hectare, by USFS Stream Section Elevation Category.


High Elevation Streams
Middle Elevation Streams
Low Elevation Streams

USFS Average Values 

Original Metric Values

(adult trout/hectare)
771
464
214

Reported USFS Average Values Calculated English Unit Values 

(adult trout/acre)
1,905
1,147
528

Corrected Values

English Unit Values

(adult trout/acre)
312
188
87

3. Data Analysis/Averaging Issues

In the USFS file “FS fish reference.xls,” all samples of each site and section including multiple sampling over years were averaged together, creating unequal weighting among sites, reaches, and rivers.  This may create a potential bias in the analysis.  Some sites were sampled over multiple years, whereas other sites were sampled only once, but all samples were given equal weight.  This would give greater weight to sites that were sampled more frequently.

The “SCE calculations” worksheet in the “FS fish reference v5.xls” workbook calculates the average fish densities in a similar manner to that used by the USFS (stream selection differed), however, in stream sections that were sampled more than once, trout density estimates were averaged to obtain a single value for that stream section.  These calculations are designed to remove the potential bias of over-weighting sites.  These values were then used in the across stream averages to compute the regional average.  

Table 2 shows adult trout densities when the potential stream section bias was removed in all non-excluded stream sections using the same elevation groups (high, middle, and low) that were used in the USFS calculations (comparison to USFS values provided for reference).  Although the densities obtained are relatively similar, we should try to reach agreement on averaging approach.

Table 2.
Comparison Between USFS, and SCE Adult Trout Densities (English units), by USFS Stream Section Elevation Category.


High Elevation Streams
Middle Elevation Streams
Low Elevation Streams

USFS Average Values1
967/mile; 312/acre
886/mile; 188/acre
434/mile; 87/acre

SCE Average Values
853/mile; 284/acre
835/mile; 140/acre
443/mile; 124/acre

1. Includes corrected area-based densities.

4. Interannual Variability of Regional Reference Densities

The USFS Settlement Proposal states that the proposed instream flows are for stream reaches “where fish densities are less than 75% of density levels of adult trout from basins of similar geomorphology”.  Our understanding is that this represents an acknowledgement of the potential effect of interannual variability of densities on comparisons that could be made between reference streams and Project study reaches.  The actual conversion percentages used in the USFS Settlement Proposal were calculated in the “USFS Calculations” worksheet in the “FS fish reference v5.xls” workbook and are presented in Table 3.

Table 3.
Comparison Between Adult Trout Densities in the USFS Settlement Proposal, the USFS Average Trout Densities, and the Percent Difference Between the USFS Values and the Proposal Values.


High Elevation Streams
Middle Elevation Streams
Low Elevation Streams

USFS Proposal
700/mile; 1400/acre
550/mile; 1000/acre
350/mile; 400/acre

USFS Average Values1
967/mile; 1905/acre
886/mile; 1147/acre
434/mile; 528/acre

Percent Difference Proposal vs. Average
72.4% (mile);

73.5% (acre)
62.1% (mile);

87.2% (acre)
80.6% (mile);

75.7% (acre)

SCE Converted Values Based on the Percent Difference Used By the USFS 
617/mile; 208/acre
519/mile; 122/acre
358/mile; 94/acre

1. Not using the corrected value for adult trout per acre that was previously discussed, since it was not used by the USFS for the conversion to proposal values.

As noted in Table 3, the conversion percentages used by the USFS varied from 62.1 to 87.2 percent.  These percentages were not consistent even within the same elevation group when used to convert length and area based densities.  

The use of 75 percent of the average reference value would be appropriate for comparisons of fish density if the 95 percent confidence interval for the population (or other appropriate measure of variability) was about 25 percent of the mean.  However, interannual variability of trout densities at the same location appear to be greater than 25 percent in general and among trout density estimates made over time for west slope Sierra streams.

Trout density estimates are dependent on multiple factors that vary in degree from year to year.  Factors that can increase interannual variability include both environmental factors and the uncertainty of the population density measurement (methods, sampling crew, stream characteristics affecting sampling efficiency, etc.)  Even in studies by the same crew using the same methods in the same sites from one year to the next, variability in fish population density is expected to occur, and can be quite high.  To estimate the expected amount of interannual variability observed in west slope Sierra streams, we evaluated the variation in populations observed during long term studies at the same sites using the same techniques.

One such study was conducted in the NFMFTR by ENTRIX staff.  As part of long-term study, eight sites in the NFMFTR were sampled twice annually over a twelve-year span.  The same sites were sampled, using the same techniques, by crews that had a large amount of overlap from one year to the next.  The coefficient of variation (CV) expresses sample variability relative to the mean of the sample, expressed as the percentage variation from the mean.  The 95 percent confidence interval defines the range within which the mean lies with 95 percent confidence.  The CV, 95 percent confidence intervals, and other descriptive statistics for the fall sampling events for the Tule River stream sections annually sampled are presented in Table 4 and shown in Figure 1.  Table 4 shows that the variability relative to the mean of the sample (CV) ranged from 36.6 to 72.5 percent (the 95 percent confidence intervals relative to the mean are also shown in this table and can be seen in Figure 1).  The expression of the confidence limit as a percentage of the mean in this table is based on the lower 95% confidence limit. 

Long term interannual variability can also be derived from CDFG Wild Trout studies.  Eight of the west slope Sierra stream reach sections were sampled by the CDFG during four or more different years.  The interannual variability of the CDFG west slope Sierra stream sections is presented in Table 5 and shown in Figures 2 and 3.  Table 5 shows that the variability relative to the mean of the sample (CV) ranged from 35.0 to 94.6 percent for adult trout per kilometer (95 percent confidence intervals relative to the mean are presented in Figure 2).  The CV ranged from 37.0 to 94.6 percent for adult trout per hectare (the 95 percent confidence intervals relative to the mean are presented in Figure 3).

These studies provide substantial insight into the amount of variability inherent in fish populations.  None of the sites that were sampled four or more times displayed a coefficient of variation that was 25 percent of the mean or less and most were characterized by CVs closer to 50 percent of the average density.  Additionally, none of these sites displayed a 95 percent confidence interval (expressed as a percentage of the mean) that was 25 percent of the mean or less, and most sites were closer to 50 or 60 percent of the mean.  This suggests that the USFS target population of 75 percent of the regional average (variation from the average of 25 percent or less) may be overly conservative, especially since fish sampling in the BC ALP streams was conducted in the second of two consecutive dry years.  A more realistic expectation of an appropriate level of variability to be accounted for in comparisons between adult population densities would be within 50 to 60 percent of the average regional density. 

Table 4.
Interannual Variability in Adult Trout Density at North Fork of the Middle Fork Tule River Sampling Sites, Fall Sampling Events.

Stream Reach 

and Section
Number of Years Sampled
Density (adult trout/km)



Mean
Min
Max
Upper 95% Conf Inter.
Lower 95% Conf Inter.
95% Conf Inter. as

%Mean1
C.V.

(%)

Above Tule Diversion Site 10
12
413
210
830
520
306
25.9%
40.9

Above Tule Diversion Site 19
4
322
213
463
510
135
58.1%
36.6

Below Tule Diversion Site 11
11
213
120
390
276
149
30.0%
44.4

Below Tule Diversion Site 12
11
172
80
320
226
117
32.0%
47.3

Below Doyle Springs Site 13
12
243
60
630
355
131
46.1%
72.5

Below Doyle Springs Site 14
11
362
114
786
499
225
37.8%
56.2

Below Meadow Creek Site 15
12
122
35
304
173
71
41.8%
65.3

Below Meadow Creek Site 16
11
99
0
189
141
57
42.4%
63.4

Average for All Sites






39.3%
53.3

1.  Difference between the sample mean and the lower 95 percent confidence limit expressed as a percent of the mean.

Figure 1.
Average Density (Adult Trout/Kilometer) with 95 Percent Confidence Intervals at North Fork of the Middle Fork Tule River Sampling Sites, Fall Sampling Events, Years Sampled 4-12.
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Table 5.
Interannual Variability in Adult Trout Density at CDFG Wild Trout Sampling Sites (Sites Sampled Four or More Times Only).

Stream Reach 

and Section
Number of Years Sampled
Density (adult trout/km)
Density (adult trout/ha)



Mean
Min
Max
Upper 95% Conf Inter.
Lower 95% Conf Inter.
95% Conf Inter. as

%Mean1
C.V.

(%)
Mean
Min
Max
Upper 95% Conf Inter.
Lower 95% Conf Inter.
95% Conf Inter. as

%Mean1
C.V.

(%)

Clavey River,

Section 2
4
177
31
383
443
0
100.0%
94.6
177
31
371
444
0
100.0%
94.6

Clavey River,

Section 7
4
202
120
318
338
66
67.3%
42.4
193
115
287
307
79
59.1%
37.0

Clavey River, 

Section 6
5
385
102
687
704
66
82.9%
66.8
765
208
1722
1569
0
100.0%
84.7

Merced River at the South Fork, Section 1
5
180
32
398
360
0
100.0%
80.5
81
14
176
162
0
100.0%
81.4

Merced River at 

El Portal, Section 2
5
361
157
678
632
90
75.1%
60.4
212
104
404
370
55
74.1%
59.8

Upper MF SJR, 

Section 1
6
1134
756
1725
1551
718
36.7%
35.0
1112
649
1826
1642
582
47.7%
45.4

Upper MF SJR, 

Section 5
8
837
319
1386
1130
544
35.0%
41.9
726
227
1184
987
466
35.8%
42.9

Upper MF SJR, 

Section 6
8
1597
249
2954
2294
899
43.7%
52.3
1331
186
2330
1973
689
48.2%
57.7

Average for All Sites
6
609
221
1066


67.6%
52.7
575
192
1038


70.6%
62.9

1.  Difference between the sample mean and the lower 95 percent confidence limit expressed as a percent of the mean.
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Figure 2.
Average Density (Adult Trout/Kilometer) with 95 Percent Confidence Intervals at CDFG Wild Trout Sample Sites (Sites Sampled Four or More Times Only).

Figure 3.
Average Density (Adult Trout/Hectare) with 95 Percent Confidence Intervals at CDFG Wild Trout Sample Sites (Sites Sampled Four or More Times Only).
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5. USFS Elevation Breaks

As previously stated, the USFS Proposal categorized elevation breaks (ranges) into three reference groups for comparison to Big Creek ALP reaches.  The three elevation reference groups were High Elevation Streams, Middle Elevation Streams, and Low Elevation Streams.  High Elevation Streams ranged from 5,200 to 7,840 feet above MSL, Middle Elevation Streams ranged from 3,380 to 4,980 feet above MSL, and Low Elevation Streams ranged from 1,400 to 2,400 feet above MSL.  Table 6 presents a comparison of the reference site elevation ranges based on USFS classification and the actual elevation ranges for each of the major bypass reaches.  Some portions of the project reaches extend beyond these elevational ranges as described below.  This may warrant additional consideration later.

The High Elevation Streams value was used as a reference for the South Fork San Joaquin River, Mono Creek, Bear Creek, and Big Creek below Huntington Lake.  These sites generally ranged in elevation between 6,000 and 7,400 feet above MSL.  However, as shown in Table 6, the elevation range for the SFSJR goes to 3,721 ft (which encompasses the lower six miles of the stream), well outside the range of the High Elevation streams.  The lowest six miles of the reach are below the elevation range for the High Elevation streams and therefore, this elevation reference group may not be appropriate for this portion of the SFSJR.  

Table 6.  Elevation Ranges of Big Creek ALP Reaches.

Big Creek ALP Reach
Diversion Elevation (ft)
Confluence Elevation (ft)
USFS Elevation Group - According to USFS Settlement Proposal1

SFSJR to SJR Confluence
7,329
3,721
High Elevation 
5,200 to 7,840 feet

Mono Creek, Below Diversion
7,340
6,313
High Elevation

Bear Creek, Above Diversion
7,350
6,680
High Elevation

Bear Creek, Below Diversion
7,350
6,680
High Elevation

Big Creek, Dam 1 to PH 1
6,954
4,845
High Elevation

Big Creek, Dam 4 to PH 2
4,805
2,965
Middle Elevation
3,380 to 4,980 feet

North Fork Stevenson Creek
6,720
5,400
Middle Elevation

Stevenson Creek
5,371
1,640
Middle Elevation

Big Creek, Dam 5 to PH 8
2,950
2,260
Lower Elevation1,400 to 2,400 feet

SJR, Mammoth Reach
3,361
2,248
Lower Elevation

SJR, Stevenson Reach
2,230
1,430
n/a

1. Elevation ranges shown, where there is incomplete overlap between stream reach and reference stream range.

The Middle Elevation Streams value was used as a reference for Big Creek from Dam 4 to Powerhouse 2, North Fork Stevenson Creek, and Stevenson Creek.  The reference elevation groups do not completely bracket the elevations for Big Creek (Dam 4 to Powerhouse 2) and Stevenson Creek at lower elevations within these reaches.  The lowest quarter of the Big Creek Dam 4 to Powerhouse 2 reach falls outside of the designated range.  In Stevenson Creek, a small percentage of the reach falls above and below this range, however the portion of these streams that is lower than the USFS elevation bracket consists of waterfalls in Stevenson Creek.  North Fork Stevenson Creek, however, lies entirely outside of the elevation bracket and would more appropriately be compared to the High Elevation group. 

The Low Elevation Streams value was used as a reference for Big Creek from Dam 5 to the San Joaquin River, and the San Joaquin River Mammoth Reach.  Both of these reaches encompass higher elevations than the reference streams.  However, there are no reference streams within the same elevation range of these two ALP stream reaches.  Therefore, the Low Elevation Stream category appears to be the most appropriate bracket for these stream reaches.  The San Joaquin River Stevenson Reach occurs fully within the Low Elevation Streams category, but is not being managed for trout.

Where there is substantial lack of overlap between reference elevation categories and stream reaches, the use of reference elevation categories should be applied with caution.  Alternatively, different elevation categories could be applied or averaged, if appropriate references are available.
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