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Abstract

A large woody debris survey was conducted  in the fish-bearing streams of the Upper Coweeman
WAU using TFW monitoring protocols. Stream segments identified during watershed analysis
were selected for surveying using a stratified random sampling procedure that incorporated
channel gradient and confinement into the stratification. Segments were further partitioned into
loo-meter  reach survey units. The survey resulted in a count of total wood and key-piece wood
for reaches surveyed, estimates of wood density for segments, a~nd  estimates~  of total and key-
piece wood loading at the segment, strata, and WAU scales. Precision  of the estimates for total
wood and key-piece wood at the segment and stratum scales averaged +/- 47% and +/- 78% for
segment estimates, and +/- 39% and +/- 66% for stratum estima::es, respectively at a 95%
significance level. Precision of WAU-scale estimates for total and key-piece L WD was 15% and
27%,  respectively at the same significance level. Post-study analysis showed no benefit from the
stratification approach taken as higher precision was achieved for estimates made without
stratification. Measures of riparian attributes were collected and tested to evaluate relationships
with wood densities and their use in future stratification. These attributes were found to have a
significant (p<O.O5)  but small influence on total wood loading. Additional evaluation of
stratification and indexing approaches was recommended to reduce imprecision associated with
parameter estimation. A repeat survey was recommended prior to the watershed analysis 5-year
review to evaluate wood placement prescriptions and to begin monitoring the trend in large
woody debris in a managed landscape.
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Introduction- - -

The Washingto,n Forest Practice Board (WFPB) Watershed Anelysis  procedure was adopted in
1993. Since adoption, over 25 watershed analyses have been completed. Watershed analysis
was designed to provide for the protection of aquatic resources through development of an
adaptively managed, site-specific forest practices plan (WFPB 1995). In this context, adaptive
management is defined as a system which through cooperative and collaborative research,
monitoring, and evaluation will provide information on which to base future management
decisions (TFW 1987). However, until recently little work has ~been  done to develop and
implement an effectiveness monitoring program to evaluate watershed analysis-based
management systems. In 1998, the Northwest Indian Fisheries ,Commission (NWIFC)  and the
Timber-Fish-Wildlife (TFW) Monitoring Steering Committee requested that pilot projects be
developed to evaluate the effectiveness of watershed analysis-based forest practice plans.
Funding for these projects was provided by a Centennial Clean Water Fund grant from the
Washington Department of Ecology. This project was one of several developed to evaluate
watershed analysis effectiveness.

One of the most common legacy conditions resulting from f0rez.t  management has been a severe
reduction in the volume and size of large woody debris (LWD) in fish bearing stream channels
(Bisson et al. 1987; McHenry et al. 1998). Much of the focus of watershed analysis has been to
restore riparian functions, especially those relating to LWD recruitment and stream shading.
Questions remain as to the effectiveness of prescriptions designed to increase LWD at different
temporal scales as well as the effect of watershed analysis-based management on LWD levels in
the Watershed Administrative Unit (WAU) as a whole. This project was designed to address
these overarching questions.

The project was conducted in the Upper Coweernan WAU. The Upper Coweeman WAU was
chosen for a number of reasons: (1) the watershed analysis was only recently completed allowing
for collection of baseline information; (2) the riparian prescriptmns  developed in the watershed
analysis called for active placement of wood which allowed for an evaluation of this technique
for near term wood recruitment; (3) the majority of the WAlJ was owned by a single landowner
(Weyerhaeuser) which simplified attainment of access; and (4) the landowner was willing to
participate in the project.

Given this management background, the project was designed around the following monitoring
questions:

1. Resource Condition (watershed-scale) Monitoring Whut is the cwrent LWD  stocking level
for jish-bearing  channels within the Upper Coweeman  WA  Li?

A Baseline Inverrtuty  of Lurge WOOI/JJ  Debris in  I/M  Lpper  Coweernurrr  W,4lJ
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2 . Ejfctiveness  (.xite-scale)  Mor&oring  - M/hut  is the curr’ent  L WD stocking level in fish  beming
channels a+rcent  to stunds  that  are  scheduledfor hurvest  ii? thejirst  four yeovs  of
ntatmgemet~t  under the Upper Coweeman WotershedAnuly;risP

3. Both Types ofMonitoring  - Ilow  does the condition of ripariun  stands udjocent  to,fish
bearing chrrnnel  sample  units  eflect  boseline  L WL) level.s?

Question 1 relates to the status of LWD across the WAU and wj~ll  be used to evaluate the trend in
LWD stocking levels under management designed from watershed analysis given variation
resulting from natural disturbance patterns. Effectiveness rnoniroring  projects typically attempt
to evaluate specific prescriptions in localized areas. Yet natural resource professionals cannot
lose sight of the resource status in the WAU as a whole. The sampling design developed in this
plan enabled trend monitoring of LWD in representative fish-bearing segments across the WAU.

Three causal mechanism reports pertaining to near and long-term LWD recruitment were
developed during the watershed analysis. Prescriptions for all three either require or allow as an
option the intentional falling or yarding of LWD into the channel during the harvest or
management of adjacent stands. Monitoring question 2 was designed to collect baseline data to
help determine the site-scale effectiveness of these prescriptions for providing near-term LWD.

Monitoring question 3 was developed to aid in the future design of watershed-scale LWD
studies. During the stratification of stream segments, what factors need to be considered to
reduce population variability? Evaluation of monitoring question 3 will determine if riparian
stand condition is currently an important factor.

Project Setting

The Upper Coweeman WAU is located in the headwaters of the Coweeman River drainage in
southwestern Washington (Figure 1). The Coweeman River  is ,:he first major left-bank tributary
of the Cowlitz  River upstream from its mouth. The Upper Coueeman Watershed Analysis was
completed and reviewed in 1996.  Prescriptions were developeC  in 1997 and final sign-off by the
Washington Department of Natural Resources occurred in early 1998. The assessment describes
LWD stocking levels in the WAU as low, especially in the lower portions of the mainstem  and
major tributaries (Weyerhaeuser 1995). The mainstem  and larger tributaries are typically
confined and carry substantial power making in-channel wood retention difficult.  In addition,
splash-damming was used extensively around the turn of the 20th  century which aided in the
removal of any stable LWD that may have been present in these sections of the stream network at
that time.

A Busdine Invertfory  of Large  Woody Debris in the  Up,oer  Cowcemun  W,AU
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Figure 1. Site map ot the Upper Cowseman  WA”.

Metlhods

Sample Design

Fish bearing channel segments identified during the watershed analysis were sampled using a
stratified random design to select monitoring sites. Strata were defined using the gradient and
confinement classes developed through the watershed analysis (Table 1). To estimate habitat
components in a watershed using subsampling .techniques, an assessment was needed to evaluate
precision associated with sampling rates relative to expandin,(1 measured values to represent un-
measured parts of the watershed. During the scoping phase prior to the start of this project, an
analysis of the :precision of LWD estimates associated with sampling large woody debris was
conducted. Data collected from the Deschutes watershed using TFW protocols was applied to
the gradient and confinement-based stratification scheme developed for this project (Appendix
A).
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rsble  I. strata develor
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Table  1. Strata develol:

Gradient Class

led  following a review of the Upper Coweeman  channel segment.

Confinement Class Segment Number

3 7
6 2

333
3 3 7
4 0 6
361
156
2 2 4
321
461

2 :
31

3 2 2
403
4 0 5
4 1 4
4 6 5

Gradient
- -

12.7
12.9

9.6
8.7

15.7
9.4
S.6
9.0

11.2
8.9
8.8

10.3
11.6
10.3
15.4
9.9

10.6
-

Length (m)

2 3 0
2 1 0
8 2 0
6 9 0

1,190
4 1 0
s50
2 7 0

1,780
8 3 0

1,050
6 2 0
8 4 0

1,070
5x0
7 9 0
7 9 0

The results of this analysis suggested that in the Deschutes watershed, the estimate of the number
of LWD pieces per channel width for the segment, stratum, and WAU would fall within 25% of
the true value 95% of the time if 40 to 50% of each selected segment and 50 to 70% of segments
in each stratum were sampled. It was not known how precise this level of sampling level would
prove to be in other watersheds. However, for monitoring purposes, it was recognized that
funding constraints would likely limit higher sampling rates for most watershed-scale LWD
monitoring programs. We felt that use of these sampling rates would provide a robust sample of
segments to test the precision of LWD estimates derived from this basin. A goal was therefore
established to sample 50% to 70% of segments within each stra~tum and 40% to 50% of the
channel length within each sam:pled  segment.

To facilitate ac:hievement  of these goals, fish-bearing segments identified in the watershed
analysis were partitioned among the appropriate strata resulting in thirteen of a possible fifteen
strata containing between 1 and 25 segments (Table 1). Within each stratum, a random sample
of segments was taken using the sampling rates described in Ta’ble  2.



Table 2. Initial target number of segnents to be sampled in each stratum.

total number of segments in the stratum n/a  indicates unpopulated strata.

The adopted sampling strategy resulted in the selection of 68 se,gments out of 91 within the
WAU (75%); which more than met the 50% minimum sampling criteria for segments w,ithin
each stratum (Table 2). It was decided about half-way through j:he field season to further reduce
sampling to the 50% minimum ,for  most strata when it was determined that surveying all 68 of
the sampled segments would not be completed in the allotted time. Segments actually surveyed
within each stratum are presented in Table 3 and Figure 2. Twenty one of the surveyed segments
were adjacent to at least one timber harvest unit slated for harvest between 1998 and 2002, 17 of
which were slated to be completed by 2001 (Table 4).

Table 3. Randomly selected seqnems  surveyed in the llpper  Coweeman WAU.

Gradient Class



rable  3. Randomly selected se~mentr  surveye d in the lipper  Coweernan  WAU.

;radient  Class Confinement Class Segment Number

104
105
201
306

353
312

I I
38
50

328
4 6 0
413
347

-_
IS0
338
4 7 6
228

4 0
138
423

146
6 0
6 9
31

333
4 0 6
361
2 2 4
461

2 3
322
403
4 1 4

-
Gradient

2.2
2.6
2.4
2.1

-
5.0

-
5.3
7.8
6.8
5.0
5.1
6.8
6.0
7.1
5.9

-
6.7
7.5
5.9
6.6
6.5
6.5
6.7

-
10.3
10.2
14.4
12.7
9.6

15.7
9.4
9.0
8.9
8.8

11.6
10.3
9.9

Length (m)

1,410
1,200
1,190
2,160

s70
570

1,210
6 7 0

1,100
9 4 0
570

1,370
6 2 0

3 7 0
4 1 0
300
4 3 0

1,440
750

1,660

1,430
1,040

540
2 3 0
820

1,190
4 1 0
2 7 0
830

1,050
840

1,070
7 9 0



Upper Coweeman Watershed

Figure 2. Fish bearing segments sampled in the Upper Coweeman WAU.



?able  d. I998 survey segments adjacent to  stands to b,  harvested betweerl  1998 and 2002.

I% or less

> I% to 2%

>4% to  8%

>X%  to  20%

Sampled segments were further partitioned into 100.meter  reaches. Reaches in each segment
were numbered from 1 to n starting at the downstream boundary of the segment and working
upstream. The nth reach in the sample in most cases measured ::ess than loo-meters  in length. A
greater than 40% sample of the channel within each segment was achieved by systematically
sampling every other reach within a sample segment. Reaches were defined by reference points
numbered from 0 to n. The starting reference point of the survey, either 0 or 1,  for each sampled
segment was randomly determined resulting in the survey of either all even-numbered or all odd-
numbered reaches within a given segment.

Field Surveys

Field surveys were conducted from July 3 through September 22, 1998. During the survey of
each segment, the starting point and ending points were monumented in the field with embossed
aluminum tags nailed to trees on both sides of the stream using .aluminum  nails. Tags were
identified with the segment number and reference point number, the year, and the surveying
agency (WDFW). In addition, a number of reference points within the segment were also
similarly monumented to establish in-segment measurement points for future surveys. In
general, monumenting occurred for one of every four reference points within each segment.
Counting starting and ending reference points, each segment had a minimum of four
monumented reference points. We attempted to identify reache:: that would be adjacent to

m
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harvest units using maps provided by Weyerhaeuser. Since higher  precision would he required
for re-establishing these reaches, a minimum of every other reference point was monumented
along reaches within harvest uni~t  boundaries. In addition to monumenting, an attempt was made
to locate all reference points using a global positioning system (GPS). A hand-held Carmin  GPS
12XL was used to position reference points. The accuracy of positioning using this device is
between 15m  and IOOm  depending on effects from the U.S. Department of Defense Selective
Availability Program. Reference points were also flagged in the field using vinyl flagging.

All of the LWD survey work was performed by a team of two o.r three technicians. Protocols for
the survey of each reach followed the TFW Level 1 LWD survey protocols (Schuett-IHames et al.
1997). Prior to commencement of the field work, all crew members were certified in the Level 1
LWD protocols by the TFW Monitoring Program Quality Assurance Coordinator. Following
training and a week of data collection, the Quality Assurance Coordinator verified that the
protocols were being properly applied by the field crew. Subsequent quality checks were made
during weekly tield  visits by the: project leader.

During the surveys, each piece ofwoody  debris :found within the hankfull  channel that met
minimum size requirements was assigned a size class. In addition to assignment of the Level 1
LWD size classes of rootwad, small log, medium log, or large log; logs were also evaluated
whether they met minimum size requirements for “key” pieces using the definition by Martin
Fox (WFPB 1995) (Table S). These size requirements are channel specific. Therefore, the
channel hankfull  width was recorded at the beginning and end of each sample reach.

e 5. Key piece size definitions used for the 1998 LWD  survey in the IJpper  Coweemnn WAU, from WFPB

In addition to LWD counts, length and diameter was initially recorded for each log and rootwad
using the TFW Level 2 LWD smvey protocols to enable calculation of LWD volumes.
Volumetric measurements were suspended after the first three weeks of the field season when it
became apparent that the crew would not he able to sample the minimum number of segments
required to meet the project goals in the allotted time. Dropping, the volumetric information was
not thought to substantially reduce the value of the study. Of thr: measures of LWD stocking
levels, LWD pieces/channel width is the most important since it ties back to the watershed
analysis prescriptions.

When log jams were encountered, an attempt was made to count every qualifying LWD piece in
the jam. In some cases, however, all pieces were not counted because the jam appeared unsafe to

A Busdine  Inventory of Large  Wow/y  Deb&  in the L’pper Coween~un WAU
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walk and the jam could not be probed for uncounted logs. In these cases, a visual estimate w’as
made of the proportion of the jam that was not counted. Two very large jams (>lOOm  in length)
formed by debris flows or dam break events were found in depositional areas. These jams were
of such magnitude that counting individual logs was deemed too time consuming to attempt.
The locations and lengths of these jams were noted, but no attempts were made to quantify the
number of logs.

Surveys of reaches adjacent to harvest units lvcrc generally perfbrmed  using the same methods as
those for non-harvest adjacent reaches. However, some timber harvest units were harvested prior
to the survey. Where freshly cut timber or non-merchantable material were encountered in
segments adjacent to 1998 harvest units that also met the TFW Level I LWD Survey criteria for
LWD, these pieces were identified separately from existing piec,es  so as not to bias baseline
information.

During the surveys, riparian stand condition was visually assessed for each side of the channel in
each sampled reach. At the center point of the reach, surveyors categorized riparian stand
condition as it relates to size (dbh <12”, dbh 12 to <20”, dbh 20” or greater), species composition
(70% or greater conifer, 70% or greater deciduous, all other cases), and density (<1/3rd the
ground exposed, >1/3rd the ground exposed). The combination of these descriptors resulted in
the riparian stand being classed in one of eighteen different categories. The riparian
classification categories are the same as those used for watershed analysis assessment (WFPB
1995).

Stream discharge was measured on a weekly basis during the field  season. Discharge in most
sample segments was measured within a week of the survey. In. some cases, discharge measured
in a nearby location (upstream/downstream segment, nearby stream with similar flow) was used
as a surrogate for discharge in the sampled segment. Discharge measurements were made using
a Swoffer model 2 100 flow meter using wadable discharge measurement techniques (Schuett-
Hames et al. 1997 habitat unit survey).

All field data except for stream discharge data and comments or field notes were collected and
stored using a data recorder manufactured by Omni Data. Comments or field notes were
recorded onto field notebooks and referenced to the segment, reach, log, jam or otherwise as
appropriate.

Analysis

The collected data were downloaded into an Excel spreadsheet ton  a weekly basis throughout the
field season. Collected data was summarized by sample reach, segment, and stratum to derive
mean LWD piece counts. Mean values for each segment were calculated using only data
collected from 100-m reaches.

Monitoring Question 1. The census of LWD for sampled reaches was used to develop
estimates of mean wood loading per 100-m reach at the segment-scale  and to estimate total and



key-sized LWD pieces for the segment, stratum. and WAU. Variance estimates were also made
to explore the level of precision provided by the sampling strategy employed in the study.

Two techniques were used to estimate segment statistics depending on the length of the reaches
surveyed. Estimation was the most straight-forward where only 1 O&meter  reaches were
surveyed. In this case, the following formulas were used:

where xi = the number of LWD pieces in reach i,
n = the number of .full  reaches sampled in segment j,

SE;  = the standard error of the mean,
N, = the total number of reaches in segment j truncated to an integer value,
NT  = the number of 100-m reaches in segment j expressed as a real number,

LWD,. = the estimated L.WD  pieces in segment j, and
SE,  = the standard error for Total L WD,

The use of N, and N,  needs additional clarification. In many cases, the segment length could not
be evenly divided by loo-meter  reaches. N,  is the total number of reaches in the segment. It is
used in the standard error equations as part of a “finite population correction factor” and results
in a slightly more conservative (i.e., larger) estimate of the standard error. N,,  on the other hand,
is an expansion factor to estimate total wood loading for the segment. It is the total number of
100-m reaches plus the fractional component of a 100-m reach made up by a short reach. For
example, Segment 0011 is 1343 meters in length. N,  for Segment 0011 is 13.43. N,  for Segment
0011 is 14.

In the second case, a reach of less than 100-m was surveyed from the segment. In this case,
mean LWD for the segment was calculated using equation 1, except only censuses from 100-m
reaches were used and n represented only the number of 100-m reaches sampled. The standard
error of the mean was calculated from equation 2. Total LWD was estimated for the segment
using the following:

LWDi = N, x ; + x s (9
where hii  = the number of whole (loom)  reaches in the segment, and

xS  = the number of LWD pieces j?om  the short (<loom) reach



The estimate is only for those 100.meter  reaches not sampled si~nce  the LWD count from the
short reach was a census. The standard error for the estimate of total LWD for the segment was
calculated using equation 4, which is appropriate since the variability lies in the portion of
equation 5 that is similar to equation 3.

Wood loading was estimated at the stratum-scale by expanding the sum of the estimates  of wood
loading in the sample segments by the ratio of the sum of sampled segment lengths to total
length of stream in the stratum. Estimates of total wood and the standard error of the total for
each stratum followed. The equations used for these estimates are:

(‘3

(7)

where L, = length of stratum k,
L,,  = initial projected length of shatum k,

LSp  =  initial projected length of the sum of sample segments in stratum k,
L somp = actual length of the sum of sample segments in stratum k,

LWD, = total estimated LWD in strutum  k,  and
SE, = the standard error of LWD,

Wood loading for the WAIJ  (LWD,) was estimated by the sum of stratum-scale estimates. The
standard error of this total was estimated by:

SE, = /c SE,’ (9)

Relative precision was calculated for the 95% confidence interval for the estimates of total LWD
in the segment, stratum, and WAU. The following equations were used for each:

SE.
h!P, = 1.96 x 1 (10)

LWD,

SE,RP, = 1.96 x ~
LWD,. (11)



Equations 1 through 12 are shown for calculating total wood loading statistics. Key-piece
loading was substituted for total wood loading in these equations to calculate statistics for this
parameter.

Monitoring Q,uestion  2. No analysis of the monitoring data for reaches adjacent to proposed
harvest units was performed. Data collected at the reach-scale was a census and assumed
accurate. Segment-scale estimates of wood loading for segments containing planned harvest
units were developed as part of the analysis to answer monitoring question 1.

Monitoring Question 3. Single classification a~nalysis of variance (ANOVA) was used to
evaluate the relationship between riparian condition and LWD loading. Evaluation of wood
loading levels relative to riparian condition classes was treated ;as  a Type II analysis. To simplify
the analysis, riparian condition class groups were developed solely from reaches that had the
same riparian condition call on both sides of the stream. For example, if the riparian condition
for both the right bank and left bank of Reach A was mixed, large diameter, dense (MLD), it was
assigned to the MLD group. If the riparian condition on the right bank was different than the left
bank for a given reach, that reach was not assigned to a riparian condition class and was not used
for this analysis. In addition, only reaches that were 100.meter:;  in length were used in the
analysis. The following hypothesis was tested:

Ho: LWD loading (p/loo-meters)  was not significantly different among groups
represented by different riparian condition classes (PcO.05).

Where single classification ANOVA resulted in a rejection of the null hypothesis, calculation of
the added variance components followed (Sokal and Rohlf 198’1).

A Buseline  Inuenlory  of Large  Woody Debris in the  Upper  Coweemm  WAU
1 5 October 19.1999



Results

During the field season, a total of51 out of 91 segments were surveyed. A minimum of a 50%
sample was achieved for each stratum (Table 6). Survey data was collected from 275 reaches
within the 51 segments. Flow measurements were made on 40 of the 51 segments surveyed
(Appendix B). Rainfall was almost non-existent: during the entire field season. Measured flows
ranged from 0.08-cfs for a small, confined tributary of the Cowceman River to almost 40-cfs for
the mainstem  Coweeman. In one segment, flow was too low to be measured.

Table 6. Number of segnents  in each stratum sampled  during the  1998 field season.

One hundred thirty six jams were encountered during the survey. Data was collected from 134 of
them. LWD from two jams, one on Segment 0403 and another on Segment 0362, were not
measured due to their large size and distribution The jam on Segment 0403 measured 65.5.
meters in length and 31-meters in width. The jam on Segment 0362 measured 57.meters  in
length with the upstream end of the jam forming a riparian wetl.and complex. Of the 134 jams in
which LWD measurements were taken, all qualifying LWD was recorded for 115 of them. A
percentage of the logs were not counted from 19 jams as a result of the jam being too dangerous
to walk on. Estimates of logs not counted ranged from 5% to 90% and averaged 27% for these
jams. Counts of total pieces and key pieces were expanded to include estimates of uncounted
w~ood  from jams where they occurred, except for the two jams in Segments 0362 and 0403 where
no estimates of the amount of LWD were made. Because either none or some of the wood was
not counted in Y21  jams, LWD measurements for the 20 reaches where these jams occurred are
estimates; whereas they are wood censuses for the remaining 255 reaches surveyed.

Monitoring Question 1. Calculations of LWD pieces were made for each reach, segment and
stratum, as well as for the WAD  as a whole. At the reach-scale, estimates were made for total
pieces per channel width @/cw)  and key p/cw (Appendix C). These estimates were stratified by
piece location (zone 1 - zone 2) and by how the wood had accumulated along the length of the
channel (single logs/rootwads  -jams). Total LWD density for individual reaches ranged from 0
to 148 pieces per channel width (p/cw) (Figure 3).  However, densjties  were usually at the lower



part of the range (median = 0.96.-p/cw’).  Key pieces averaged 6% of the total wood loading for
all reaches. Total LWD loading is considered “good” when piece densities exceed 2-p/cw
(WFI’B  1997). ‘Total LWD loading exceeded 2-picw in 29% of reaches surveyed (Table 7).

Number Reaches Surveyed
Mean Wood Count (p/w)
Standard Deviation (p/w)
Median Wood Count (p/w)

Table 7. Summarization of Reach-scale LWD loading.-Table 7. Summarization of Reach-scale LWD loading.-

2 7 5
2.91
9.51
0.96

Reaches meeting criteria

% meeting criteria 29.5%

Applies to channels less than IO-meters bankfull width (BFW). Criteria
is 0.3 key pieces per channel width.

215
0.12
0.40
0.00
0.05”
O.OOb
2 6
2 5 ”
lb
1o.w
15.7”
I .Ob

r channels less than IO-meters wide

’ Applies to channels between IO to 20.meters  BFW. Criteria for these  channels is 0.5 key pieces per channel
width.

’ “Good” LWD loading criteria is greater than ‘-pieces  per channel width (WDPB 199?).
d Key piece criteria was only applied to channels less than or equal  to 20.meters  BFW: which included 252 of

the-2’75 reaches.

‘Wood loading levels were not normally distributed (p<O.Oj),  therefore the median is a
better estimate of the central tendency of the distribution.

A Busdine  Itrventoty of Large  Woody  Debris in  the Upper Coweeman  WAC/
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Key-piece densities in sampled roaches ranged from 0 to 4-picw (Figure 4). The watershed
analysis manual describes good key-piece wood loading conditions as at least 0.3.p/cw for
channels less than lo-meters in width and 0.5.picw  for channels between IO and 20-meters. Of
channels less than IO-meters in width, those meeting or exceeding the 0.3.p/cw,  criteria
represented ahnost  16% (Table 7). Only about 1% of the 10  to ;!O-meter  channels met or
exceeded their key-piece LWD target values. Median values for key-piece wood was 0.05-p/cw
for channels less than 10-m and 0-picw for channels between 10 and 20meters

Figure 4. Frequency distribution of key-sized LWD found in the Upper Covieeman WAU, summer 1998

Wood loading was estimated for the segment and stratum scales based on reach level counts.
Total LWD pieces for segments were estimated to range from 7 to 1,880  pieces (Table 8).
However, the segment that had the highest LWD piece estimate,. Segment 0413 at 1,880 pieces,
included a log jam of which 90% of the pieces were estimated not to have been counted. The
highest estimates of total LWD loading for segments where at least 90% of the pieces from log
jams were counted was 1,604 pieces. These numbers are not particularly comparable because
segments were of different lengths. Mean pieces per TOO-meter reach ranged from 4 to 145
pieces; however, the higher figure again came from Segment 0413. Ofthose  segments with jams
where at least 900/o  of the LWD pieces were counted, the highest mean count was 89 pieces per
loo-meter  reach.

Key-piece wood loading at the segment-scale ranged from 0 to 243 pieces; or 0 to 27 pieces per
lOOmeter  reach (Table 9). No key pieces were found in 11, or :22%,  of the segments surveyed.

I X October 19, 1999



Table 8. Segment, stratum, and WAU-scale estimates oftotal LWD in segments sampled in the Upper Coweematl  WAU.

I IIC 14,226 1 I I I I 1,111.88  1 154.309 1 27.2%

OiO7 i $00 18.0 I 9.0 I 52.34 12.i55  I 942.i i 218.792 I 45.5%

0106 2c 550 5.50 3.00 io2.00 43.755 561 .OO 240.652 84.1%
0203 2C 524 5.24 3.00 20.67 4.732 108.29 24.794 44.9%
0301 2C 371 3.71 1.71 25.00 n/a 97.54 da N/a
0304 2c 958 9.58 5.00 6.20 1.903 59.40 1 X.227 60. I%
0305 2c 2,142 21.42 , il.00 / 7.91 , i ,444 169.4 i 30.9i7 35.8%

zc 10,575 2,316.58 569.064 48.2%

0103 2M 883 8.83 4.00 5.00 0.680 44.15 6.008 26.7%

I I2 M 883 1 I I I I 44.15 1 6.008 1 26.1%

I I2u 4,697 1 I I I I 720.07 1 79.465 1 21.6%

0104 I3C I 1,350 13.50 7.00 19.14 2.962 258.43 39.984 30.3%
0105 3c 1,300 13.00 6.00 13.00 I.551 169.00 20. I6 I 23.4%
020 I 3c 1,157 11.57 5.57 54.53 19.55 I 713.82 215.061 59.1%
0306 3c 2,328 23.28 12.00 16.83 3.528 391.88 82.128 41.1%



Table 8. Segment, stratum, and WAU-scale esiimates  of total LWD  in segments sampled in the Upper Coweeman  WAU (conhued).

39.X%
46.2%



r
Tabie 8. Segment, stratum, and WAU-scale  estimates of total LWD in segments sampled in the  Upper Coweeman WAti (continued)

0060 5c 1,044 10.44 5.00 16.80 7.803 175.39 81.468 91.0%
0069 5c 265 2.65 1.65 14.00 n/a 28.00 n/a n/a
0146 5c 1,470 14.70 7.00 45.57 6.886 669.90 101.219 29.6%
0224 5c 273 2.73 1.73 59.00 n/a 119.37 n/a n/a
0322 5c 900 9.00 4.00 117.25 26.23 i 1,055.25 236.083 43.8%



Wood loading estimates for the strata ranged from 44 pieces to ~10,944  pieces (Table 8).
I-lowevcr,  after adjusting for stratum length variability, stratum-scale loading estimates averaged
from 5 to 67 pieces per 1 00-meters. Key-piece loading averaged from 0 to 13.4 pieces per 1 OO-
meters (Table 9).  Key-piece size criteria was a function of channel size: therefore, higher
densities tended to be found in strata with smaller channels (i.e.. higher gradient strata). No key-
sized wood was found in the segments sampled from Stratum 1C; therefore the stratum estimate
was estimated as zero key pieces. Although only 50% of the segments in the stratum were
sampled, this is probably a reasonable estimate since all of the segments were from the lower
upper Coweeman mainstem, which is the largest and most powerful channel in the WAU.

A total of 32,833 pieces of LWD were estimated for fish-bearing segments in the Upper
Coweeman WAU. This figure was calculated by summing the stratum-scale total wood
estimates. Key,-piece estimates for fish-bearing segments in the WAU are 2,401 pieces.

The sampling strategy selected for this study was designed to produce estimates of wood loading
at the segment and stratum scales that were within +/- 25% of the true value for the segment or
stratum 95% of the time. However, this level of precision was not achieved. For  segment-scale
estimates of total LWD pieces, relative precision ranged from +i- 4% to +/- 109% of the true
value at a 95% significance level and averaged i-/- 47% for all segments (Table 8). Less
precision was achieved for key-piece estimates which averaged +/- 78% at a 95% significance
level (Table 9). Stratum-scale estimates also did not achieve the designed level of precision, but
came closer than the segment-scale estimates. Relative precision ranged from +/- 15% to +/-
84% for total LWD estimates with a 95% signilicance  level, and averaged +/- 39% across all
strata. Relative precision averaged +/- 66% for key-piece LWD estimates using the same level of
significance.

Wood loading estimates at the watershed-scale were more preci:se  than those made at the
segment and stratum scales. Precision for the estimate of total wood loading within the Upper
Coweeman WAU was within +/- 15% of the true wood loading value at a 95% significance level.
The precision level for the key-piece wood loading estimate was +i- 27% of the true value using
the same level of significance. The actual WAU-scale wood loading estimates, as well as those
for two segments and strata, are likely higher than those estimated here since wood in the two
large jams on segments 403 and 362 were not counted or estimated. In addition, the expansion of
jam counts to reflect that portion of log jams not counted inserts, an unquantifiable bias into the
estimate. Precision estimates do not reflect these biases.



Table 9. Segment, stratum, and WAU-scale estimates of key-size LWD in segments sampled in the Upper Coweeman  WAU.

91  .l%

lOl.O%

84.3%

-

143.8%



Table 9. Segment,slratum,and  WAU-scale estimates ofkey-size  LWD in segments sampled in the Umxr Coweeman WAti konlinue

Sampled
Reaches

Mean/Reach
(pilOOm)

SEofMean
Segment

0362
0401

Reaches

II.61
12.00

Estimated Total
(pieces)

1,161
1,200

6.00
6.00

9.87
0.83

5.462
0.217

114.62
io.00

-
SE ofTotal

(pieces)

63.414
2.608

0

0346

0040
0138
0150
0225
0338
0423
0476

001 I
0038
0050
0328
0347
0353
0372
0413
0460

0125

3 M

3u

3u

4c
4c
4c
4C
4c
4c
4c

4c

JM
4 M
4 M
4 M
4 M
4 M
4 M
4 M
4 M

4 M

4U

4u

1,131

1,005

2,170

1,144
817
372
464
430

1,744
i84

9,425

1,343
800
650
994
653
539
600

1,359
700

16,328

837

837

I 1.44
X.17
3.72
4.64
4.30
i7.44
LX4

13.43
8.00
6.50
9.94
6.53
5.39
6.00

13.49
7.00

8.37

5.05

5.44
4.17
2.00
2.00
2.00
8.44
0.84

7.00
4.00
3.00
5.00
3.53
3.00
3.00
6.49
3.00

4.00

1.60

0.80
2.00
0.00
2.50
0.00
5.78

iris

0.71
0.50
2.00
1.20
1.33
4.67
4.67
0.67
0.67

0.75

0.574

0.362
0.289

0.387

1.062
da

0.335
0.204
0.873
0.141
0.471
0.471
0.624
0.155
0.504

0.357

218.05

16.00

27.14

IX.35
21.75
0.00
II.60
0.00

105.17
da

287.94

9.59
4.00
13.00
ll.Y3
8.00

25.15
28.00
8.67
4.67

241.90

6.28

6.28

5.745

12.404

3.980
2.309

1.797

IX.052
n/a

35.484

4.499
1.633
5.674
1.4Ub
2.828
2.541
3.742
2.011
3.528

21.621

2.987

2.987

Relative Precision
Y5% Cl

108.4%
Sl.i%

99.8%

70.4%

70.4%

58.5%
20.8%

30.4%

33.6%
n'a

24.2%

91.9%
80.0%
85.5%
2.5.  I "$0
69.3%
19.8%
26.2%
45.5%
148.2%

17.5%

93.2%

93.2%



Table 9.  Segment, stratum, and WAU-scale estimates  of key-size LWD  in segments sampied  in the  Upper Coweeman  WAU  (continuedj.

Estimated Total

144.8%

6 5 . 1 %

72.7%



Monitoring Question 2. LWII density for individual reaches adjacent to stands to be harvested
between 1998 and 2002 ranged from 0 to 14%plcw (Figure 5. A.ppendix  D). Densities, again,
were usually at the lower part ofthe range (median = 2.07-p/w,).  Key pieces averaged 4% of the
total wood load for reaches adjacent to harvest areas. Total LWD loading exceeded 2-p/cw in
50% of these reaches (Table 10)

Total L WD
1 2

.
10

LWD  Louding  (@/cw)

Figure 5. Frequency distribution of total LWD found in reaches adjacent tc,  proposed harvest units in the Upper
Coweeman WAU,  summer 1998.

Table 10. Summarization of Reach-scale LWD loading for reaches adjactnt to barvest  units schedules for
harvest between 1998 and 2002.

Number Reaches Surveyed
Mean Wood Count (p/w)
Standard Deviation (p/w)
Median Wood Count (p/w)

Reaches meeting criteria

% meetmg  criteria

6 2

50.0%

Applies to channels less than 10.meters  bankfull width (BFW). Criteria for channels less than IO-meters wide
is 0.3 key pieces per channel width.
Applies to channels between 10 to 20.meters  BFW. Criteria for these channels is 0.5 key pieces per channel
width.

’ “Good”  LWD loading criteria is greater than 2.pieces  per channel width (WDPB 199?).
d Key piece criteria was only applied to channels less than or equal to 20.meters  BFW; which included 2!@of

A Buselk  Inven~‘ory  of Large Woody Debris 31  rhe Upper Coweem~ur  WAU
2 6 October l9,1999



Key-piece densities in reaches adjacent to harvest units ranged f?om 0 to 1.4-p!cw  (l’igure  6). Of
channels less than IO-meters in width, 17% met or exceeded the 0.3 key picw criteria found in
the watershed analysis manual (WFPB  1995)(Table  IO). None ofthe 10  to ‘O-meter channels
met or exceeded their key-piece LWD target values. Median v&es for key-piece wood was
0.09.p/cw for channels less than 10-m and 0-p/cw for channels between  IO and 20.meters.

r-- -
I Key Sized L WD

I,- ..““_  ,.,-

Figure 6. Frequency distribution of key-sized LWD  found in reaches adjacent to proposed harvest units in the
Upper Coweeman WAU, wmmer  1998.

Monitoring Question 3.  Ripadan  condition calls during the field surveys identified nine out of
eighteen possible riparian condition classes present in the Upper Coweeman WAU. Density calls
indicated “dense” conditions in every case. Over 80% of reaches were comprised of deciduous
or mixed stands (Table 11). Riparian  zones with large trees were not common on the landscape.
Ninety five percent~of  the stands contained either “small” or “medium” sized trees.

Of the 275 reaches surveyed, 180  had the same riparian condition class on both sides of the
stream and were 1 OO-meters in length. ANOVA was performed on 8 of the 9 riparian condition
classes encountered. The riparian class CLD (conifer-large-dense) was not included in the
analysis because we were unable to calculate a variance for this class since these conditions were
only found for a single reach (Figure 7).

‘lipon evaluation of the effects of riparian condition on wood loading, a significant difference was
found for total LWD loading; but not for key-piece loading (p<  0.05). However, analysis of the
treatment effect showed that riparian condition only accounted for 7.75% of the variation in total
LWD loading.



._

Table  11.  Number and proportion of reach-level stream banks observed in each riparian condition class during
the 1998 Upper Coweeman LWD study.

0.27
MMD 0.26
DSD 0.14
MSD 0.12
CMD 0.1 I
CSD 0.04
MLD 0.02
DLD 0.02
CLD 0.01

Total Small Classes
Total Medium Classes
Total Large Classes

0.30
0.65
0.05

0.43
0.40

CLD CMD CSD DLD DMD DSD MLD MMD MSD
Ripwiiin clm3rinn  classes

Figure I. Frequency distribution ofreach-scale riparian condition classes in reaches where the same
condition class was found on both sides of the stream
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We also hypothesized that wood loading effects resulting from riparian condition may be
confounded by wood stored in jams, since the distribution ofjarns may be more highly
influenced by channel morphology and landform  than by riparia~n  condition. To test this
hypothesis, ANOVA was again used to test riparian condition classes against total single pieces
per 100.meters  (i.e., total pieces/reach -jam pieces/reach). Although a significant difference was
found, analysis of the treatment effect accounted for only 5.4% of the variation in single-piece
LWD loading; which was not an improvement over the treatment  effect found for total wood.

Discussion

Monitoring Question 1. A stratified random sampling design was used in this project to
estimate LWD loading for fish-bearing streams at the segment, stratum, and, ultimately,
watershed scales for use in trend monitoring of large woody debris. Analysis showed that the
sampling rates employed yielded estimates of precision that, on average, were worse than those
found in the Deschutes basin using similar sampling levels. Although standards for monitoring
precision had not yet been developed for watershed-scale trend monitoring, it has been suggested
that a confidence level of +/- 10% may be a desired precision target for evaluating habitat change
(Schuett-Hames  pers. comm.).  Clearly, the levels of precision found for LWD estimates for the
Deschutes and Upper Coweeman at the segment and stratum-scales using this level of sampling
were much poorer than this target. Precision levels for total wood estimates (-+/-  15%) at the
WAU-scale approached, but did not quite reach this target.

Using the stratified random sampling design, wood loading is tallied at the reach-scale and
estimated at the segment, stratu,m, and watershed scales. Imprecision associated with this
sampling design lies in the estirnation of wood loading at these larger spatial  scales. Results
from this study indicate that substantially higher sampling rates would be necessary to achieve a
i-i- 10% precision target in order to monitor trends in wood loading estimates at the segment,
stratum, and watershed scales. Yet to sample at levels substannally  higher than were used during
this study would likely be cost-Iprohibitive. Furthermore, the st:ratification  scheme used for this
project did not increase the precision of the estimate of wood loading at the WAU-scale for the
Upper Coweeman WAIJ. Using the segment estimates instead of the stratum estimates yielded a
WAU-scale total wood loading estimate of 3 I _‘13  1 pieces with a precision estimate of +/- 13.4%
at the 95% significance level.

To achieve the target level of pr-ecision,  other sampling approaches are needed. Stratification
based on gradient and confinement categories did not achieve this level of precision in the Upper
Coweeman WAU. The distribution of wood within the watersh~ed may be better explained by the
disturbance history within the WAU instead of by channel morphology. A number of
stratification schemes could be envisioned to represent differem  levels of disturbance.

A simple strati:lication  scheme (designed to reflect disturbance was tested using strata based on
the nine major sub-basins identified in watershed analysis. The rationale was that sampling



within sub-basin drainages may capture the disturbance within each sub-basin and yield
estimates  that are more precise than sampling from the basin as a \vhole. This exercise yielded a
total wood estimate for the WAI~J  of 32,491 pieces with a relativ~e precision level of +/- 13.2% at
the 95”/  significance level. The precision of this estimate is better than that achieved using the
channel morphology-based stratification scheme, but did not improve over the estimate using
only segment  estimates of woocl  loading. Other methods of stratifying the channel network to
reflect the range of disturbance in the WAU may yield higher precision.

Ifa satisfactory stratification approach cannot be found to achieve the target precision level for
wood loading estimates at the segment, stratum, and WAU scales, an index approach to
watershed-scale monitoring might be an acceptable alternative. Using this approach, an initial
set of monitoring reaches would be developed using a random or systematic sampling design to
develop a robust sample of reaches throughout the strata/watershed. This sample would form a
set of indices. The downside of using this approach is that the resulting  wood loading values are
indices, not estimates. There is less certainty as to how well changes in these values represent
true trends within the WAU. The upside is that since the index is comprised solely of the
sampled habitats, only the actual sampling bias remained. For the purposes of future monitoring
in the Upper Coweeman WAU, it is recommended that the index approach be used which will
result in repeat sampling of the same channel units surveyed during this study in lieu of stratified
random sampling to acquire a new sample. Re-sampling usin, I0 ‘1  different stratification scheme
would decrease the utility of the dataset collected during this study.

Monitoring Question 2. Results from this prqject document baseline LWD loading in a sample
ofreaches adjacent to stands proposed for harvest over the next j-years. A number of
prescriptions developed in the Watershed Analysis call for wood placement where the channel
lacks wood and suitable trees ex~ist  (Table 12). It is recommended that the study be repeated in
2002 to evaluate the effectiveness of these wood placement strategies for increasing wood
loading in these reaches, In addition, the Watershed Analysis sets a goal of 0.25 functional
pieces per channel width for fish bearing channels. Functional pieces are smaller than key pieces
but are thought to have functional value in the stream for serving  as roughness elements that can
store or help to scour alluvium (Table 13). It is recommended that functional-sized wood is
counted in future studies to evaluate prescription effectiveness in meeting the functional wood
loading target.

Monitoring Question 3. Like the gradient and confinement strata, riparian condition classes
were found to be a poor predictor of in-channel wood loading ir fish-bearing reaches within the
Upper Coweeman WAU. Removal ofjam data from the analysis did not improve the
relationship between riparian condition classes and wood loading. A number of confounding
factors may influence or mask the relationship between wood loading and riparian stand
condition. The high level of disturbance associated with splash damming practices and past
riparian harvests undoubtedly removed and/or interrupted the delivery of key-sized LWD which
might be expec~ted  to help retains much of the smaller LWD that is contributed from riparian
stands. Debris torrents would have localized effects on LWD loading regardless of riparian stand
condition, but would not explain the weak relationship between wood loading and riparian stand



condition observed across the basin as a whole. The most likely factor influencing the
relationship between LWD loading and riparian stand condition is the transport of LWD
dew-nstream  or out of the channel. Recent disturbance events that would transport wood include
the February 1996 storm. Records indicate that this storm resulted in the highest average daily
flows seen in at least 18 years in the region (USGS flow data).

hble 12. Presci-iptions  applicable to sampled reaches in the Upper Cowwman  WAC1  adjacent to  proposed

harvest  units.

Condition/Prescription

Condition: Riparisn stands largely composed of functional sized

:onifers  that could contribute LWD to the channel. Segments are largely

:ontined  mainstem  channels.

Prescription: No harvest within 75.ft ofthe channel except when

operationally  necessary in which case trees must be felled  toward, into,

x  over  the channel; or concurrent with adjacent harvest individual trees

Irom beyoun 50-B  (nay  be felled toward, into, or over the channel.

Felled trees must  provide LWD of functional size.

LWDI-Red

Condition: Riparian stands largely composed of functional sized

:onifers  that could contribute LWD to the channel. Segments are small,

witurally  alluvial channels.

Prescription: No harvest within 50.ti  ofthe channel except when

operationally necessary in which case trees must be felled toward, into,
zr  over  the channel; or concurrent  with adjacent harvest individual trees

iom  beyond 50.-ft  may be felled toward, into, or over the channel.

Felled  trees must provide LWD or functional size; or if functional wood

snot available, especially for channels greater than ZO-ft  in width, non-

nerchantable  material may be used.

LWD 1 -Green

Condition: Riparian stands largely composed of functional sized

:onifers  that could contribute LWD to the channel. Segments are small,

xeeper  gradient, forced alluvial channels.
Prescription: See LWDI-Red
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Table 12. Presct~iptions  applicable to sampled reaches in the lipper Coweeman  WAU  adjacent to proposed

~rvest  units.

::ondition/I’rescription

.WDI-Yellow
Condition: Riparian stands largely composed of functional sized

:onifers  that could contribute LWD 10  the channel. Segments are

:hannels  with debris torrent potential.

‘rescription: See LWDI-Red

- - .

>WD2-Blue
Condition: Riparian stands are hardwood dominated and trees are

ypically too small to affect channel morphology. Segments are largely

:onfined  mainstem  channels.
‘rescription: No harvest within 25.ft of the stream except where

operationally  necessary in which case trees must be felled toward, into,

)r  over  the channel; between 25 and 40.ft  ofthe  stream, hardwoods may

,e removed and replanted with conifer. Concurrent with adjacent

kwest,  individual trees from beyond SO-ft  will be felled toward the

:hannel.  LWD resulting from felled trees must be of functional size; or

f functional wood is not available, especially for channels greater than

!O-ft  in width, non-merchantable material may be used.

0306.12 > 0.25

0306.14 _I 0.25

0306-16 2 0.25
-_

3 2

oer Co weemmr WA  Cl
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‘able 12. Prescriptions applicable to sampled reaches ill the  llpper Coweemnn WAU adjacent to proposed
arYeSt  units.

londition/Prescription

.WD-2.Red
londitio”:  Riparia”  stands are hardwood dominated a”d  trees are
ypically too small to affect cha”nei  morphology. Segments are small,
,aturally alluvial channels.
‘rescription: See LWD2-Blue

,WD3-Green
Zonditio”:  Riparian stands are dominated by young hardwoods and ;
joung  conifers that are too small to contribute large wood to stream
:hannels.  Segments are small, steeper gradient, forced alluvial channels. :
‘rescription:  For hardwood and mixed stands less than I5-years  old,
“anaged  stands to provide for long-ten” LWD recruitlnent.  For
lardwood,  and mixed stands greater than 15 years old, no harvest within
!5-ft of OHWM, retain all conifer arld  cut deciduous and under-plant
:onifer within 25.50.ti  of OHWM. Concurrent with adjacent harvest,
“dividual trees from beyond 50.ft  will be felled toward the channel.
<WD  resulting from felled trees mwt  be of functional :size;  or if
‘unctional  wood is not available, especially for channels greater than 20.
i in width, non-merchantable may be used. In young  wnifer  dominated

Table 13. Functional piece size definitions found in the upper Coweema” Watershed Analysis (I 997).
-.

Minimum Diameter to Qualify as a Functiorlal  LWD Piece

Channel Size(m)

I.5 to 6
6 to 10.5

10.5 to 15.25
>I

Bankfull  Width
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Northwest Indian Fisheries Commission

T o : Greg Volkhardt  (WD:FW) and Dave Schuett-Hames  (NWIFC)

From: B o&&ad

Date: May 13, 1998

Subject: LWD study design for the Upper Coweeman WAU

*************************************************~**~*~******~************

At our meeting on 27 April 1998 we discussed a sample design for estimating the volume and
number of LWD pieces in a watershed unit. A stratified sampling design was proposed and
decided to be a good approach. As originally proposed, strata were defined by gradient class,
confinement clnss, and stream order for a total of 22 strata in the Upper Coweeman WAU.
Several questions then arose:

1. How many stream segments in a stratum should be sampled? and
2. Can a segment be sub-sampled so that the entire segment does not need to be

surveyed?

l have analyzed some of the segment LWD data that Dave supplied from WRIAs 13 and 14 to
try to answer these questions. I will address question #2 fast  s.ince if a stream segment can be
sub-sampled you will be able to sample more stream segments in total during your allotted
sample period. This then has a bearing on the answer to question #l.

Can stream segments be sub-sampled?

To examine this question I analyzed data from four of the longest stream segments in the data
that Dave supplied that belonged to one of the 22 strata defined for the study. The stream
segments analyzed were:

t

Stream Survey Segment
WRIA Segment

13.0028.000 1 0
13.0028.000 1 9
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I first examined the variability among refer-ence points in LWD  pieces and total volume of
LWD for a stream segment. I did not have easy access to the length of stream surveyed for the
reference points so I was not able to convert the metrics for the reference point (number of
LWD pieces and total volume of LWD) into pieces per m surxyed or volume per m surveyed.
Converting the metrics to per m surveyed might reduce the variability of the estimates.
However, I don’t think the units of number or volume per mean channel width lengths is
appropriate on the reference point scale. Therefore, 1 used the variability of the reference point
data to determine sample sizes (number of reference points t,:r survey) necessary to estimate
total number of LWD pieces or total LWD volume in the segment within specified limits of
precision.

I selected a target of 25% relative precision (to the estimt.ted mean or total) for a 95%
confidence interval (i.e., n = 0.05). A relative precision of 25% for a 95% confidence interval
means that if a segment has a mean number of LWD pieces per reference point of 20, then the
95% confidence interval that is calculated from the data with the given sample size will be the
mean f25%  of the mean estimate, or in this case i(25%  x 20) or k5  pieces. That is, the 95%
confidence interval for the estimated mean number of LWD pieces would range from 15  to 25
pieces. Similarly, if a segment has a mean volume of 6.0 n? of LWD per reference point then
the 95% confidence interval that is calculated from the data with the given sample size will be
the mean +25%  of the mean estimate, or in this case k(25% x 6.0  m3) or f1.S  m3.  That is, the
95% confidence interval for the estimated mean volume of L,WD per reference point would
range from 4.5 m3 to 7.5 m3,  With CL  = 0.05, we would a 5% chance of the calculated
confidence interval not including the true mean for the segment for both of the previous
examples.

Sample sizes targets were estimated using (Co&ran  1977’):

w h e r e  n,

s
t
r
F

= the target sample size,
= the estimated standard deviation of the sample,
= the appropr:iate  t-statistic given a,
= the percent relative error (relative to the mean) desired for the estimate, and
= the estimated sample mean.

The estimated sample sizes needed to attain the target level of precision (95% confidence
interval f25%  of the estimated mean) are summarized for the stream segments examined in
Table 1 for LWD pieces and Table 2 for LWD volume. Betcause we are sampling a finite
population (i.e., there are a discrete number of reference pclints in a stream segment), the
sample size goal was corrected for fmite population sampling by (Co&ran  1977):

’ Cochnur, W. Ci. 1977. Sampling ‘Techniques, Third Edition. 1oln1 Wiley and Sons, New York.
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w h e r e  N = the total number of reference points (RP) in the stream segment.

Table I, Summary of reference point statistics for number 01’  LWD pieces from four stream
segments in WRIA 13.0028.000. Needed sample size (SS) is for a 95% confidence
interval with +25%  relative (to the mean) precision.

~
Stream Segment Number (Survey Year)

Parameter 1 0 19 (1992) 19 (1995) 3 1

Number of RP 4 1 34 33 37
Mean 5.29 9.71 7.06 8.03

St. Dev. 3.16 7.21 4.43 5.90
Coef. Of Variation 60% 74% 63% 74%

Needed SS
% of Number of RP

1 4 1 7 1 4 1 7
35% 50% 42% 47%

Table 2. Summary of reference point statistics for volume of LWD (m3) from four stream
segments in WRIA l3.0028.000. Needed sample size (SS)  is for a 95% confidence
interval with k25% relative (to the mean) precision

Stream Segment Number (Survey Year)
1 0 1 9 (1992) 1 9 (1995)_ 3 1

Number of RIP

St. Dev.
Coef. Of Variation

4 1 34 33 37
5.99 6.15 5.23 3.09
7.77 7.63 5.93 2.82

130% 124% 113% 91%

Needed SS 29 25 23 21
72% 73% 71% 58%

These data indicate that we need to sample about 40% to 50% of the reference points in a
stream segment to estimate the: mean number of LWD pieces with +25%  relative precision for
a 95% confidence interval and about 70% of the reference points in a Stream segment to
estimate the mean volume of LWD per reference point with +25%  relative precision for a 95%
confidence interval.
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Sampling at a 50% rate can be easily implemented in the field and will ~result in a significant
savings in survey time. This savings in time would allow more :stream  segments to be sampled.
Sampling at a 75% rate is more difficult to implement and the time savings will be less. I
examined the results of applying a 50% sampling rate to these: four stream segments using a
systematic random sample design, The design was implemented by randomly selecting one of
the first two reference points as a starting poi~nt  and sampling  between every other reference
point in the stream segment. Therefore, there were two possible systematic samples that could
be drawn from each stream segment.

I evaluated the effectiveness of this sample design by comparing the total number of LWD
pieces and total LWD volume estimated from the sampled rekrence  points in the segment to
the actual piece counts and volumes from the original sul-veys (which were censuses). I also
calculated the precision of these estimates. The results are summarized in Tables 3 (for LWD
piece counts) and 4 (for LWD volume). Statistics for both of the systematic samples possible
are provided.

As expected, with a 50% sample rate precision goals (f25%  for a 95% confidence interval)
were met for the estimates of the total number of LWD pieces in the segment but not for the
estimates of the total volume of LWD in the segment. The relative precision of the estimates
of the total number of LWD pieces ranged from 19% to 29% and averaged 23%. The relative
precision of the estimates of the total volume of LWD ranged from 29% to 53% and averaged
4.0%. The errors for the estimated totals for the segments were all less than about 20%. The
mean absolute percent error of the estimates of the total number of LWD pieces ranged from
8% to 21% and averaged 12%. The mean absolute percent error of the estimates of the total
volume of LWD ranged from 0% to 15% and averaged 8%.

Conclusion: These data indicate that a 50% systematic sample of long stream segments will
provide estimates of the number of LWD pieces with a relative :?reckion of at least k25% for a
95% confidence interval. This standard will not be met for estimates of LWD volume. You
need to decide if sampling more segments in the WAU is a good trade-off for the lower
precision of the estimates of LWD volume obtained from sub-sampling. Making the
confidence level less stringent by increasing cx to 10% will improve the relative precision of the
estimates. However, it improves the relative precision (decreases the f%) by only 3% to 5%
for the estimates of the total number of LWD pieces and 5% to 9% for the estimates of the
total volume o:f LWD. This is not enough of an improvement to meet our objective of +25%
relative precision for the estimated total volume of LWD.
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Table 3. Summary of precision and accuracy of estimates of the number of LWD pieces from
a 50% systematic sample of reference points from four stream segments in WRIA
13.0028.000.

Stream Segment Number (Survey Year)
Parameter 1 0 -14 (1992) :I9 (1995) 3 1

TRUE PIECE
COUNT 211 332 233 297

.- - -
SAMPLE 1:

Number of RP 2 1 1 7 8.:: 1 9
Mean 5.81 10.82 7.37

St. Dev. 3.56 X.69 5.21 4.88
Coef. Of Varktion 61% 80% 62% 66%

Estimated Total 23X.2 368.0 279.5 272.6
St. Error 22.2 50.7 29.0 28.9

95% Cl Rel. Pre.” 19.5% 29.1% 22.0% 22.2%

Error (in pieces) 2 1 36 47 -24
% Error (from true) 9.8% 10.8% 20.0%

SAMPLE 2: .--
Number of RIP 20 1 7 1 6

Mean 4.75 8.71 5.56
St. Dev. 2.67 5.42 2.87

Coef. Of Variation 56% 62% 52%

Estimated Total 194.8 296.0 183.6
St. Error 17.5 31.6 17.0

95% CI  Rel. Pre.” 18.7% 22.5% 19.6%

Error (in pieces) -22 -36 -49
% Error (from true) -10.3% -10.8% -21.2%

Relative precision (relative to mean) of 95% confidence interval.

-8.2%

1 8
8.72
6.90
79%

322.7
43.1

28.1%

26
8.7%
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Table 4. Summary of precision and accuracy of estimates of ,the total volume of LWD from a
SO% systematic sample of reference points from ~kur stream segments in WRIA
13.0028.000.13.0028.000.

a

-._-._
Stream Segment Number (Survey Year)Stream Segment Number (Survey Year)

ParameterParameter 1 01 0 19 (1992)19 (1992) 19 (1995)19 (1995) 3 13 1

TRUE LWD
VOLUME (m3) 245.1 209.2 172.6 114.4

.--SAMPLE 1:
Number of RP 2 1 1 7 1 7 1s

Mean 6.68 7.07 5.23 3.25
St. Dev. 1.26 9.92 5.68 2.75

Coef. Of Variation 35% 140% 109% 86%

Estimated Total 273.7 240.5 172.5 120.1
St. Error 45.3 57.8 31.6 16.5

95% CI Rel. Pre.” 34.6% 50.7% 38.9% 28.8%

Error (in m3) 27.9 31.3 0 .0 5.7
% Error (from true)

SAMPLE2 -
11.4% 15.0% 0.0% 4.9%

Number of RP 20 1 7 1 6 1 8
Mean 5.28 5.23 5.23 2.93

St. Dev. 8.41 4.45 6.38 2.93
Coef. Of Variation 159% 85% 122% 100%

Estimated Total
St. Error

95% CI Rel. Pre.”

216.4 177.9 172.6 108.5
55.2 26.8 37.8 17.9

53.0% 31.8% 46.2% 34.6%

Error (in m’) -29.3 -31.3 0 .0
% Error (from true) -11.9% -15.0% 0.0%

Relative precision (relative to mean) of 95% confidence interval.

-6.0
-5.2%
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Table 5. Summary of stream segment statistics for mean number of LWD pieces per channel
width lengths from stream segments in WRIAs 13 and 14, by strata. Needed sample
size (SS) is for a 9.5% confidence interval with +25%  relative (to the mean)
precision. Finite population adjustment applied to sample size requirements

Parameter
Stratum (see above)

A B C D E- -

Segments Sampled 4 2 1 0 6 3
Mean 2.03 0.87 0.92 0.50 0.45

St. Dev. 0.84 0.2 1 0.35 0.20 0.2 1
C&f.  Of Variation 41% 24% 39% 40% 46%

Needed SS 4 3 3 3 I
% of Total Segments 67% 33% 75% 75% 41%._

Table 6 Summary of stream segment statistics for mean volume (m3) of LWD per channel
width lengths from stream segments in WRlAs 13 and 14, by strata. Needed sample
size (SS) is for a 95% confidence interval with f25%  relative (to the mean)
precision. Finite population adjustment applied to sample size requirements.

Parameter
Stratum (see above)

A B C D E

Segments Sampled
Mean

St. Dev.
Coef. Of Variation

4 2 IO 6 3
1.05 0.89 O.SX 0.35 0.28
0.56 0.43 0.39 0.27 0.25
53% 48% 67% 77% 86%

Needed SS 4 6 4 4 7
% of Total Segments 83% 61% 100% 100% 76%

My Recommendations:

Based on the previous analyses: 1 recommend the following sample design.

Reduce the design to only two stratification parameters: stream gradient and stream
confinement. The other proposed stratification schemes result in too many strata, many of
which have only one or two stream segments In them. Given rthe  limited number of segments
you will be able to sample, there is nothing gained by all the additional strata
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[Jse a 50% systematic sample design based on reference points in a stream segment to
collect LWD data from sampled stream segments. Hopefully, using a 50% systematic
sample design will allow you to increase your segment sample size by about 75% from the 38
stream segments you origmatly  predicted you would be able to sample if entire segments were
sampled.

Sample 75% of the segments in each stratum with more than four stream segments in it.
Sample all four segments in those strata with a total of four segments. Do not sample strata
with less than four segments. This would result in the following sample sizes for the
stratification scheme based on stream gradient and stream confinement.

Number to Sample/Number Available to Sample

[;;II’l$ _ u:i~~

This results in 67 of the 91 segments (74%) identified in the Upper Coweeman WAU being
sampled. If a 50% systematic sample design of reference poims  in a stream segment increases
the projected number of segments that can be sampled by 75% (38 x 0.75 = 28),  then 67
should be an achievable sample size goal for stream segments (:38  + 28 = 66).

We can discuss this at our meeting on Friday (5/15).
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Appendix B

Upper Coweennan Segment and Discharge Data
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Appendix C

Upper Coweeman Reach Data

Available on request from  the TPW Monitoring PI-opm (360) 438-l  180.



Upper Coweeman Baseline Lwd Data for Reaches

Adjacent to Timber Harvest Uniits Planned by

Weyerhaeuser for 1998 - 2002

Available on requesl,  from the TPW  iMonitorinS Proyam  (360) 438-l 180
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stream  Name
COWEEMAN RIVER
COWEEMAN
COWEEMAN
UNNAMED
VNNAMED
UNNAMED
"NNAMED
UNNAMED
UNNAMED
SAM SMITH CRK
BLACKMAN CRK
MVLHOLLAND
MVLHOLLAND
M"LHOLLAN0  CRK
MUHOLLAND  CRK

Map Length  Svlveyed
WRlA  It segment # (ml L&W (m) stratum survey Date Discharge ,CfS) Discharge Lute

28.0003 0002 1490 ,489 IC 8127198 21.82 Q/1,98

BAIRD
BAIRD
Ll”LE  BAIRD
UITLE  BAIRD
BAIRD CRK. TRIB.
NINETEEN
COWEEMAN
COWEEMAN
COWEEMAN
COWEEMAN
COWEEMAN
COWEEMAN
“NAMED
BROWN
BROWN TRil3
BROWN CRK. iRIB.
BROWN CRK TRlB
SKIPPER
SKIPPER
SKIPPER TRlB
ONEIL CRK
ONEIL CRK
ONEIL CRK  TRlB
COWEEMAN Rl”ER
COWEEMAN
COWEEMAN
cow.  RI". TRIB
cow. RI". TRIB
cow. RI". TRIB.
BUTLER
BUTLER

IC
1C
4M
5c
5c
4M
4c
4M
5c
5c
a.4
3c
3c
2c
1”
4u
4c
5c

8/31/98
Q/1,98

8126/98
Q/18,98
8/X,98
8124198
8,25/98
913198

8120198
8120198
3/8,98
814198
817/98

8111198
8117198
8m.198
8/12,98
815198

8125198
7/8,98

7129198
7128/98
7128198
7114198
T/13/98
7123198
716198

7116198
70 8198
7120198
7/22/98
9114198
7/30,98
7130198
9122198
m/98
717198
717198

,/I3198
8118198
80 9198
918198

Q/1 O/98
8/T  3198
8114198
919198
Q/Q,98

9115198
7127198
7/28&x

39.37 Q/1/98
23 6 91,198
0.43 91,198
0~94 9115/98

0.64 8125198

0~24 9110198
0.3 8125198

5,s 814/98
5.02 8112198

2.53 8125/98
0.37 8125198

0.17 8112198

0.74 814198
0.51 7114198
2.61 7114198

33.34 7128198
31.34 7114198
17.17 7/28/98
23.78 7/23,98
14,28 7123198
1x12 7123/98
0.92 9115198
1.06 81498
0.36 8/4,98

survey  Of upper reaches
0.85 8/4,98
1.66 7/14,98
1.24 7114198
0~72 7114198

1.08 8125/98
0.57 Q/1  0198
0.9 911 O/98

0.29 8112/98
0~08 8125198
0.8 WW98

3,11 7/28/98
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Appendix C

Upper Coweeman Reach Data

A Bnsehe  Inverrtory  of Large  Woody Debris in & Up20er  Coweemm  WAU
C-l October 19, 1999



0002-02
0002-04
0002-06
0002-06
0002-l"
0002-12
0002-14
0004-00
0004~02
0004-04
0004-06
0004-08
0004-10
0004-12
0004-14
0004~16
0004-18
0004-20
0006-00
0006-02
0006-04
0006-06
0006-06
0006-10
0006-12
0006-14
0006-16
0006-l*
0006-20
0006-22
0006-24
0006-26
0006-28
0006.30
0006-32
0006-B
0006-X
0006-38
0006-40
0006-42
000644
0006-46
0011-00
0011-02
0011-04
0011-06
0011~08
0011-10
0011-12
0023-01
0023-03
0023-05
0023-07
0023-09
0037-00
0038-00
0038-02

Ii0
100
700
100
100
89.1
100
100
100
100
100
100
100
100
100
100
100
100
100
100
?OO
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100  NO  ,3w.  BEAVER  POND
100
100
100
100
100
100
100
100
100



APPENDIX  c - UPPER COWEEMAN  REACH  DATA

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.12
0.07
0.70
0.00
0.12
0.00
0.12
0.00
0.03
0.00

0~00
0.00
0.00
0~00
0.00
0.00
0,OO
0~00
0.00
0.00
0.00
0~00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,oo
0.00
0.00
0.00
0.00
0.00
0~00
0.00
0~00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,oo
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0~00
0.00
0.00
0.00
0~00
0.00
0~00
0.08
0.00
0.00
0.00
0.00
0.00
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2.24
9.42
0.00
0.00
0.00
0.00
5.75
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.76
0.00
3.26
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.18
2.80
2.66
2.13
2.15
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0~00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.23
0.32
0.04
0.22
0.12
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0~00
0.00
0.00
0.00
a00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0~00

8.11
2.24
9.42
0.00
0.00
0.00
0.00
5.75
0.00
0~00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.00
0.00
3.78
0.00
3.26
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.18
2.80
2.66
2.13
2.15
0.00
0.00
0.00



0.0”
0.00
0.00
0.00



MMD

MSD

MSD

MSD

MSD

MSD

DMD

DSD

ars*

MMD

t-

MMD

MMD

H

H

H

H





i

e
Pi



0.031
0,001





DMD

DMD

DMD

DMD

DMD
CMD
DMD
MM’3

DSD
DSD

DMD
MMD
MMD
MMD
DMD
MMD

L
L
L
L
M
H
M
M
L
M
M
M
M
H
L
L
M
L
M
M
L
L
M
L
L
L
M
H
M
M
M
M
M
M
M
H
M
M
M
M
L
M
M
M
L
L
M
M
M
M
M
H
H
H
M
H
H





0.00
0.00
0.00
0.04
0.03/
0.33
0.43
0.00
0.10
0.53
0.05
0.00
0.00
0.00
0.00
0.00
0.001

0.001
0.00
0.00
0.00

0.00
0.03
0.00
0.00
0.16
0.00
0.001
0.00
0.00
0.00
0.00
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.00
0.33
O.l.4
0.00
0.05
0.08
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.14
0.00
0.00
0.13
0.00
0.00
0.00
0.00
0.11
0.00
0.00
0.00
0.00
0.00
0.00

Paw c-13

0.03
O.llj
0.00
0.00
0.00
0.00
0.00
o.oc
0.12
0.00
0~011
0.011
0.00
0.01,
0.00
0.00
0.08
0.03
O.SiS
0.S
o.oo
0.G
0.60
0.012
0.00
0.00
0.00
0.00
0.00
0.00
0.013
0.0'1
O.Oll
0.0:3
0.0,
0.0'3
0.0'3
0.0')
0.0,
0.1.1
0.083
0.0'3
O.L3
0.0')
0.42
0.0'3
0.0'3
0.11
0.12
0~03
0.0,3
0.03
0.03
0.03



0.001



Referent<
Point  P

0146-E
0,605
0146-07
0146~09
0146-11
0,613
0150~0"
0150-02
0201-01
0201-09
0201-05
0201-07
0201-09
0201-11
0203~00
020302
0203-04
0224.00
0224.02
0225-01
0225-03
0243-01
0243-03
0243-M
0250-N
0250-03
0250-05
0250-07
0250-09
0300-00
0300-02
0300-04
0300-06
0300-08
0300.10
0300-12
0300-14
0300-16
0300.18
0301-01
0301~03
0303-0,
0303-m
0303-05
030307
o-303-09
0304-01
0304-03
0304.05
0304-07
0304-09
0305-00
0305-02
0305-04
0305-II6
0305-08
cl305-10
0305-12

0.36 0.03 0.40 0.03 0.75 0.:x
4.7% 0.46 0.46 0.00 5.18 0:G
0.38 0.03 0.38 0.00 0.77 0.~23
0.96 0.00 1.36 0.16 2.32 0.16
0.4% 0.00 0.51 0.00 0.92 0.30
O.l% 0.00 0.10 0.00 0.30 0.30
8.17 0.47 0.00 0.00 8.25 0.47

14,31 0.24 0.10 0.00 14.42 0.24
0.35 0~00 0.27 0.00 0.62 0.30
0.39 0.00 1.46 0.00 1 .a5 0.30
0.54 0.09 0.63 0.09 1.17 0.18

12.31 0.00 0.00 0.00 12.37 0.30
2.82 0.35 0.18 0.00 2.99 0.35
0.34 0.00 0.68 0.00 1.01 0.00
0.29 0.00 0.08 0.00 1.27 0.00
1.74 0.10 0.23 0.00 1.98 0.10
0.05 0.00 0.00 0.00 0.05 0.00
0.96 0.08 0.16 0.00 1.12 0.08
0.62 0.04 0.70 0.04 1.41 0.08
0.26 0.03 0.13 0.00 0.30 0.03
1.78 0.40 0.83 0.33 2.61 0.73
1.30 0.43 0.65 0.14 1.96 0.58
0.58 0.00 0.33 0.00 0.9, 0.00
0.39 0.10 0.15 0.05 0.54 0.15
1.61 0.68 0.19 0.08 1.80 0.75
1.42 0.05 0.36 0.05 1.79 0.09
2.44 0.00 0~00 0.00 2.44 0.00
0.53 0.00 1.24 0.00 ,.a 0.00
0.15 0.00 0.15 0.00 0.31 0.00
029 0.00 0.58 0.0" 0.87 0.00
0.19 0.00 0.19 0.00 0.39 0.00
1.78 0.00 0.89 0.00 2.66 0.00
0.34 0.00 2.22 0.00 2.57 0.00
0.16 0.00 0.32 0.00 0.48 0.00
0.19 0.00 0.19 0.00 0.38 0.00
0.79 0.00 0.79 0.00 1.59 0.00

12.36 0.00 0.98 0.00 13.34 0.00
1.66 0.00 2.94 0.00 4.60 0.00
1.29 0.00 2.83 0.00 4.11 0.00
0.00 0.00 0.15 0.00 0.15 0.00
0.41 0.00 0.41 0.00 0.82 0.00
1.08 0.00 1 .o* 0.14 2.17 0.14
0.14 0.00 0.14 0.00 0.28 0.00
0~00 0.00 0.26 0.0" 0.26 0.00
0.13 0.00 1~76 0.13 1.89 0.13
0.28 0.00 0~00 0.00 0.28 0.00
1.26 0.42 0.14 0.00 1.40 0.42
0.00 0.00 0.26 0.00 0.26 0.00
0.13 0.00 0.13 0.00 0.27 0.00
0.22 0.00 0.44 0.11 0.66 0.11
0.61 0.12 1.35 0.00 1.96 0.12
0.23 0.00 0.34 0.00 0.57 0.00
0.00 0.00 0.74 0.00 0.74 0.00
0.00 0.00 0.69 0.00 0.69 0,oo
0.20 0.00 0.10 0.00 0.29 O,OO
2.78 0.17 157 0.00 4.35 O,l7



DMD
C M D
cm

M S D
M S D
MMD
M S D
C S D
MMD
MMD
DMD
MMD
C M D
MMD
MMD
C M D
MLD
DMD
DMD
MLD
DMD
D S D
D S D
cm
DLD
DMD
DSD
DMD
D S D
M S D
DSD
MMD
MMD
DMD
MMD
DMD
M S D
MMD
MMD
CLD
DSD
D S D
D S D
D S D
DSD
MMD
M S D
MMD
DSD
DSD
cm
D S D
DSD

M S D

MMD

MMD

cm

MSD

M S D

MMD

MLD

MLD

CMD

DMD

MMD

cm

C M D

MMD

C M D

MMD

MMD

DMD

MLD

MMD

C M D

C M D

cm

DLD

IDSO

D S D

D S D

D S D

D S D

CLD

MSD

MMD

MMD

DMD

MMD

DMD

D S D

M S D

D S D

DSD

MMD

MMD

cm

M S D

M S D

DSD

M S D

D S D

M S D

D S D

H

H

H

H

L

L

H

H

H

H

H

M

H

H

H

H

H

H

H

M

H

H

H

H

H

M

M

L

H

L

L

L

L

H

L

H
H

H

M

H

M

L

L

L

L

H

H

H

L

L

L

L

L

L

L

L
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030516
0305-18
0305~20
0306-00
0306-02
0306-04
0306-06
0306-O”
0306-l”
0306-12
0306-14
0306-16
0306~18
0306~20
0306-22
0322-01
0322-03
0322-05
0322-07
0328-00
0328-02
0328-04
0328-06
0328-08
03X-00
0333-02
0333-03
0333-05
0333-07
0338-01
0338-03
0346-00
0346-02
0346-04
0346-06
0346-08
0346-10
0347-00
0347-02
0347-04
0347-E
OX-00
0353-02
0353-04
0361-00
0361-02
03‘32-00
0362-02
03'32-04
0362-06
0362-08
0362-10
0372-00
o-372-02
0372-04
0401-00
04OM12

0.00
0.00
0.00
4.06
0.00
0.00
0.00
0.00
0~00
0.00
0.00
0.00
0.00
0.00
0.00

11.35
0.00
4.95
4.28
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.58
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.37
0.62
0.00
0.00
8.30
19.60
0.00
3.37
0.00
0.00
0.00
0.00
0.00
0.00
4.37
0.00

0.00
0.00
0.13
0,oo
0~00
0.00
0.00
0~00
0.00
0.00
0.00
0.00
0.00
0.00
3.66
0.00
0.73
0.32
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.00
0.00
0.00
0.00
2.06
0.00
0.48
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0 00
0~00
2.41
0,oo
'I 27
0.00
0.00
"~00
0.00
2.68
0.00
0~00
'3~00
2~34
0.00
0.00
0.49
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0~00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
u.00
0.00
0.00
"~00
11.00
0.00
0.00
0.00
0,oo
2.91

0,OO
0.00
0.00
0.00
0.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
6.46
0.00
1.27
0.00
0.00
0.00
0.00
2.68
0.00
0.00
0.00
2.34
11.35
0.00
5.43
4.28
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.58
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.37
0.62
0.00
0.00
8.30
19.60
0.00
3.37
0.00
0.00
0.00
0.00
0.00
0.00
4.37
2.91

0.03
0.03
0.03
0.13
0.00
0.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3~86
0.00
0.73
0.32
0.00
0.00
0.00
o.co
o.co
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.00
0.00
0.00
0.00
2.06
0.00
0.48
0.00
0.00
0.00
0.00
0.00
0.110
0.00
0.00
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0.06
4.20
2.84
0.81
3.00
1.56
2.58
6.01
0.22
0.55
1.19
9.09
1.67
0.11
0.96
0.62
0.74
0.15
0.65
0.56
1.21
0.23
0.26
0.90
0.89
0.37
0.40
0.40
1.77
0.26
0.25
4.37
0.90
0.06
0.47
0.80
1.29
1.00
1.75
1.13
0.81
0.25

0,oo
0~10
0.09
0.10
0.00
0.00
0,oo
0.00
0.00
0.00
0.00
0.00
0.22
0~00
0.14
0.00
0.00
0.00
0~00
0.11
0.00
0.06
0.00
0.00
0.00
0.11
0.00
0.00
0.29
0.00
0.00
0.18
0.00
0.00
0.00
0.00
0~00
0~00
0.00
0.00
0.00
0~00



MMD
MMD
MMD
MMD
MMD
MMD
MMD
MMD
CMD
cm
CMD
CMD
CMD
CMD
CMD
CMD
CMD
CMD
CMD
cm
CMD
cm
CMD
CMD
MMD
DSD
MSD
MSD
cm
CMD
CMD
DSD
CSD
cm
MMD
CMD
CMD
CSD
CSD
cm
CSD
CSD
CSD

H DM”
H DMD
1, MMD
H CMD
li CMD
H CMD
H CMD



Upper Coweeman Baseline Lwd Data for Reaches
Adjacent to Timber Harvest Units Planned by

A Baseline Iwenlory  of Lurge Woody Deb&  in the  Upper  Con~eernm  WAU
D-l October 19,1999
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