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Executive Summary
Forty-two locations throughout the Swan Valley have been established to monitot aquati
habitat conditions in tributary streams. In order to gage impacts of land mardgem
(timber harvest, road construction, etc), data from reference landscapesmrared to
streams with land management activity. Each location is sampled roughly exears®n
a rotating panel and, at the time of this report, 24 of 42 have been sampled at ¢éeast twi
Preliminary results indicate no significant difference between the groupens of pool
habitat quality, stream substrate, channel shape and large woody debriss &esult
encouraging in that they suggest current land management practices arencialequate
job of protecting aquatic habitat. Other habitat attributes need further inionnaad are
not ripe for interpretation. Data collection should continue to evaluate long-tems.tre



Introduction and Study Sites

There are several note-worthy efforts underway to monitor the health of theeaqua
ecosystem in the Swan Valley. Current efforts include Swan Lake watéyqwater
temperature profiles of the Swan River, bull trout redd counts, and Swan River channel
morphology. This report details one particular monitoring effort: aquatic habitat
characteristics of tributary streams. The objective of this monitorimgvialidate that
current land management practices are adequately protecting dguodtat. This is
achieved by comparing reference streams (“control”), in wilderness aredherwise
unmanaged areas, to treated streams. This general approach is well docuynented b
Kershner et al. (2004).

When monitoring stream habitat changes, it is crucial to focus on seleat)lgarefrked

locations and to utilize precise methodology. Recent peer-reviewed litenasihelped

define the “best science” of stream monitoring and allows some stiggor to interpret

data (Roper 2004, Archer et al 2004). Beginning around 2002, the Forest Service developed
an aquatic habitat monitoring program in response to the PACFISH/INFISH Ballog

Opinion (PIBO). The purpose of this program is to determine effectiveness ef Fore

Service land management for maintaining the health of aquatic ecosystdraolumbia

River Basin. PIBO surveys are being conducted on hundreds of streams throughout the
Columbia River Basin in order to address large-scale research needs. In theaBeygn V

this includes 8 randomly selected stream reaches.

Having 8 monitored reaches is helpful but local resource managers deshgel a#aset

for the Swan Valley. Therefore, an additional 34 stream reaches wevksbstd, giving a
total of 42 monitoring reaches. The monitoring is conducted on a rotating panel system
where each stream is sampled about once every 5 years.

Figure 1 illustrates the locations of the 42 monitoring reaches. Care viat® ubstribute
them throughout the valley and also to stratify by various categories. Foaftie 42
monitoring reaches (33%) are reference landscapes and 28 are in landstapastvair
current timber harvest activity (67%). All reaches are in low-gradteantreel types (less
than 5% gradient) which are considered potentially sensitive to changmlir®areaches
vary between Rosgen channel types A, B, and C (Rosgen 1994). Reaches were also
stratified by Plum Creek Timber Company’s Swan Valley streansititzstion system
(Watson et al 1998), although not all categories are fully represented or mapged. Fis
species use and stream size were not considered in the selection of locatcanse Bee
project has been primarily funded by the Forest Service to date, the majidgaed on
National Forest system lands. Nearly all locations are upstream of redédetdbpment,
thus this effort only gauges impacts of public land management, not impacts fvate pri
development.

At this time, 24 of the 43 monitoring reaches have been sampled at least twice. Swene of t
earliest surveys (1997) did not collect all the information of latter PIBO gsituat still

used compatible techniques for at least partial analysis. Figure 2 ibgdina increasing
monitoring data over time. Although insufficient data points are currentlyasél@ilo






compare streams by categories (e.g. Rosgen B to Rosgen C channéipwingg
discussions summarize all available information to date.

Figure 2. Percentage of PIBO locations establisived time and percentage that have been repeglegsaonce. As of
2009, all 42 locations have been established.

Methods and Results

A. Residual Depth of Pools
The residual depth of pools may be one of the most sensitive indicators of chamgre (Ba
and Ralph 2001). Undisturbed streams tend to contain deeper pools and superior fish
habitat. The residual depths of pools are simply the maximum depth minus trdepthst
The measurements of up to the first 10 pools encountered are then averaged. Based on
findings by Archer et al (2004), it is expected that about 10% of variability is due to
observer error, thus 90% accurate.

At this time, 34 reaches have had at least one measurement of residual depth of pools.
Figure 3 illustrates the initial results of residual depth of pools for all 84matreaches.

Twenty two of these reaches are in managed landscapes, with 12 in referentencondi

Using a hypothesis that the managed landscapes would have a different regitiuaf de

pools, a two-tailed t test was computed (df = 32). Results were not signifigget I(€rror

p =.05) and null hypothesis cannot be rejected. In other words, there is no evidence that the
residual depth of pools is different in managed landscapes than referencedasdsca



Figure 3. Plot of residual depth of pools compaoestream width. Larger streams tend to have elegpols. Reference
streams are plotted with red triangles, all otlvdth blue diamonds.

Only 11 of these locations have been sampled more than once. One particular saafiple (Kr
Creek, reach 2) dramatically changed after the Crazy Horse Witdiftr¢hus considered an
outliter and not used at this time. Change in residual pool depth was standardized to an
annual rate because the time gap between surveys varied. The hypothesikes that

managed landscape group would have a different trend over time than the refesapce gr

A simple ANOVA found that the variation between streams was greater thaeebet

groups (p = .05). Therefore the null hypothesis cannot be rejected and it appearsithat |
management has had no impact on residual depth of pools. Having only 10 samples to date
gives only a weak statistical power and additional data over time will baihelpf

B. Stream Substrate
Evaluation of stream substrate condition is an important component of any fish habitat
surveys. Fine sediments are a common concern and considered the most pravelent pollutant
throughout the United States (Bauer and Ralph 2001). Bull trout are considered gspeciall
sensitive to sedimentation and can be adversely affected by excessivéaepbfine
sediments (defined as less than 6.44mm diameter).

Figure 4. Example of stream substrate, Lower lGoeek, 2009



Although sedimentation is a key factor, there areagulatory standard on whal
acceptable to a stream. This is duehe natural variation foud in each stream due
gradient, geology, landscape disturbance and eaeation within riffles and viation
within season. Archer et al (2004) noted that $ynmyacking the percentage of fii
sediments has so much variability it is not a st@limonitoring strategy. Howeve
tracking the mediadiameter of all pebbles counteknown as o) has les®bserver erro
and is less prone to change quil(Archer et al 2004)thus a better monitoring tool. n
increasing [ value means the substrate is coarsening over tesg fine sedimentatior

Stream substrate is evaluatedWolman pebble count methodologyfour riffles within
each survey reach. The pebble ccassigns a size category (such as <6m8mén, 8-
12mm, and so forth) for each substrate found orb#tesurface across the four transe
Because each stream has unique substrate ions, there is no value in simply compar
one stream to anothemsteadthe value isnonitoring changes over time within ec
stream.

So far 13 managed streams and 4 reference stremrasberexamined at least twice, sor
three times. Figure 5 illusttes the changes irspobserved to date. Change has k
variable for both group&ith no clear distinction between managed streamdsr@ferenct
streams.A simple ANOVA test (p=0.05) is unable to rejeatdl hypothesis that there
any difference bieveen groups so far. Too few stream reaches hase ample
sufficiently to identify any trenc This data should continued to be monitored.

Figure 5. Comparisondgsubstrate categories over time, regardless ofsaapled. Each line illustratthe change of
one particular stream reach. Red dashed linegrifite reference streams, all others in shadesagf gSubstrate cateces
on 'Y axis are not labeled teduce chart clutte
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C. Stream channel shape
Changes in a stream channel’s width and depthtowerindicates a change in the strea
power. A stream that gradually narrows meansnbis transported less water and bedl



than before, allowing the stream bankencroach. Conversely, a strettmat needs t
transport more water or bedload would erode ieasir banks outward and become wic
A stream with a small width/depth ratio is gengralbnsidered to reflect stable conditic
and offers better trout habita@ single value of stream’s width/ depth rationeasureat
bankfull stagehas little use other than classification, but wheanitored over time it ca
be an indicator of changes in the waters

This habitat monitoring program has two methodsaxfking channel shape. First, fi
evenly-spaced trapsts record the channel witand record three depth measuren, then
are averaged for the whole re. These five transects are re-measured lseguent visit
but they may not be precisely at the same locatidre other method establishe
permanent monitoring transect, marked with reirddrsteel pins. The permanent c-
section has much greater precision for monitorimg yet, since it nly a single location, |
may not accurate reflect the overall stream coowlit Figure 6below illustrates a graph
of one particular permanent cr-section over time.

Figures 6 & 7 Example of width/depth monitoring at lower Doge€k. Chart on ft illustrates survey measurements of an estati
crosssection that has been monitored over time. Photagit is ths same location in 200¥ ellow tape stretched in background is
cross-section.

Dog Creek, lower reach

Elevation

Distance from Pin

Unfortunately,a comparison cboth methods have not found any correlation betv
each other (R .04). This is a surprising result aicreates doubt about the ability
accuately detect change. Figur below plots changes in width/depth ratic
estaltished cross sections. To date, 12 have been arediat least once in manac
landscapes and 3 in reference landscaAgain Kraft Creek reach 2 appears as
outliter, presumably due to affects from the Creinyse Wildfire, and this is discard.
The three reference streams all decreased thetinAd&pth ratios while managed stree
are more variableHowever, a two tailed t test (df = 12) could ngeot the null
hypothesis (Type | error p =.05). In other wondhjle the reference streamsem to be
trending differently than managed streams, theynatesignificantly different.



Figure 8 Scatter plot of changes in an established -section width/ratio over time. Streams with inGieg width
and decreasing depth are fowattbve X axis. Kraft Creek reach 2 increased driaallt after the wildfire and i
circled as an outliter.

D. Large Woody Debri
The quantity of large woody debris in streams tognized as essential for trout hidi
cover as well as crucial foné formation of pool habitaiProtocols for numerating woc
is unchanged since the initial 1997 surveys arrégent years, surveyors have &
measured width and diameter of wo(The Forest Service’s regulatory stand
(INFISH) requires at least 20 pieces of wood pdeITA simple accounting of a
surveys to date find the Swan Valley averages 1pBd@&:s per mile, easily exceeding
minimal standardsUsing a hypothesis tt the managed landscapes would ha
different large woody debris frequency than refeeestreams, a tv-tailed t test wa
computed for alsurveys to date (df=52). With Type | error p =,.0% critical value
was greater than observed value, thus annot reject the null hypothesis. In ot
words, there is no evidence that the woody debrifferent in managed landscapes t
reference landscape3o date, 1 locations have been sampled twize¢ none more tha
that, so trend infanation is not yet availablCuriously, monitoring woody debris is t
least precise parameter that Archer et al (20@)iest, human error possibly account
for 23% variatim. Therefore it is expected that oidramatic changes will be detecta



Figure 9. Example of large woody debris, lower direek, 2008.

E. Other measurements
In addition to habitat features described above, other data has been collected bydtis not
ripe for analysis. Season-long water temperature measurements eawolbected
since 2000 but only two streams have had repeated monitoring to date. Due to increasing
concern about global climate change, temperature data is expected to beconabl@val
in the future. Stream bank stability and shape has been collected since 2008, thus
potentially allowing analysis of the stream bank health. Riffle stalnlitgx, a
measurement of stream power, has been collected since 1997. This datatexicatlec
point bars but relatively few streams have these naturally occuring featwre
analytical power is weak. Photo point monitoring began in 2005. These might prove
useful to educate and illustrate changes over time.

Discussion

The preliminary findings of this monitoring program strongly suggest thegrauand
management practices are adequately protecting aquatic habitat.filtieggs are also
supported by Kendall's (2007) review of trend data on all watersheds throughout the
Flathead National Forest. Although this monitoring program does not attemptrie defi
cause-effect relationship, it does seem that recent land managemenegtzatie been
particularly valuable in protecting aquatic resources. The Streamsidgéfaeat Zone
Act of 1988 and the 1995 INFISH standards, both help provide adequate large woody
debris, stable banks and minimize sedimentation into streams. New road camstrasti
greatly slowed since the early 1990’s and temporary roads seldom crosssfrether
minimizing direct sedimentation impacts and indirect channel impacts.irgxieids

have been improved by Best Management Practices (BMPs) and undersized balvert
been removed or replaced to improve fish passage. These actions further reduced
sedimentation and channel impacts. The geographic positioning of the Mission Mountai
Wilderness and the unroaded Swan Crest is also undoubtedly fortunate in that it
maintains undistubed headwaters for nearly stream in the study area. edtesssfall



suggest that current land management strategies for timber, r@cyeatl other values
are compatible with conserving aquatic habitat.
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