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Abstract

The information presented in this document describes results from the third year
of monitoring for Georgia-Pacific West, Inc. in the Ten Mile River Watershed. This
monitoring plan is the realization of an agreement between Georgia-Pacific and the
California Regional Water Quality Control Board - North Coast Region. Current
conditions of instream aquatic habitat have been evaluated using information from
stream temperatures, sediment sampling, fish habitat, aquatic macro-invertebrates,
salmonid distribution and estimations of aquatic vertebrate populations. These
monitoring results will ultimately direct Georgia-Pacific 's restoration and
enhancement efforts by addressing the specific needs of the local environment.

INTRODUCTION

GeorgiaPacific West Corporation (GeorgiaPadific) has completed a third year of instream
monitoring for the Ten Mile River Watershed (TMRW). The Cdifornia Regiond Waer
Qudity Control Board - North Coast Region (CRWQCB) expressed concern over posshle
instream impects assodated with Georgia-Padific land management activities on the TMRW;
as a reault, GeorgiaPacific and the CRWQCB agreed to a instream monitoring plan for the
TMRW. Fom the incgption of this monitoring plan in 1993, GeorgiaPadfic annudly
produces a document detalling instream monitoring results for the TMRW.

Watershed monitoring dong the Pacific Northwest has been catdyzed, in pat, by concans
regarding the effects of land manegement adtivities on criticd instream hebitat factors
potertidly limiting salmonid abundance, occurrence and Species didribution. These critica
hebitat factors which influence viablity and productivity of samonid populaions during thar
inland life reguigtes, indude dream temperaure, inSream graves lage woody debris
nutrient input, aguatic mecro-invetebrate digribution and waer flow. By quantifying these
citicad habitat components, Georgia-Padific can focus spedfic efforts on those habitat features
mog limiting for the watershed and enhance these environmentd fedtures via redoration or
adive managemen.

Although TMRW is the primary monitoring watershed, methods herein are currently
goplied to varying degrees throughout other watersheds within Georgia-Padific ownership.
The TMRW was chosen as the primary watershed to sudy dream conditions Snce modt is
ey contained within Georgia-Padific ownership (85 %). In addition, corrective efforts
throughout the watershed can be implemented more efectivdy (minima access problems) and
be evduaed more eficently (effects are more direct).

Although the sandard monitoring parameters have not changed snce 1993, methods are
continudly reviewed in concart with improving sdentific techniques In this respet, Georgiar
Padfics monitoring will continue to be refined to ensure data cdllection is both scentificaly
sound and environmentdly  conscientious

In addition to the sandard parameters messured (dream temperatures, (potentid) spawning
gavds and agudic vetdoae populaions and didribution) this monitoring plan indudes
results from instream hebitat typing and mecro-inverteorate sampling. The reaults of this
information will ultimady be used to pinpoint aess where cgoitd improvements can have
thair greatest bendfit. Findings from 1995 capitd improvement adtivities and dream
enhancement projects are d<o induded in this report.
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STUDY AREA

Location & Geography

The Ten Mile River (TMR) is located in centrd coasd Mendocino County in Northern
Cdifornia (Reference FHgure 1 for mgp of GeorgiaPadfic ownaship). The nearest dty is
Fort Bragg, 13 kilometers (km) to the south. The TMRW drains an area of gpproximatey
31,000 hectares. The TMRW congds of gpproximately 192 km (Table 1) of Class 1
watercourses (within GeorgiaPadific ownership) with three main forks (Figure 2): North
Fork (70.6 km), Clark (Middle) Fork (57.2 km) and South Fork (65.0 km). In generd, the
forks of dl three maingems flow from esst to wed.

The TMRW is highly convoluted and incised with many ridges and desp ravines Sow
downward soil movement and landdides are the naturd erogond processss chiefly responsble
for dhaping the hills in this area Like mog of the Coas Range degp soils mantle nearly dl of
the TMRW, covering bedrock and giving the hills their softly-rounded shape (Alt and
Hyndman 1982). Elevations range between 0 meters (m) and 977 m. The Clak Fork extends
the furthest inland (goproximatdy 22 ar-km from the coadt), followed by the South and North
Forks respectivdy.

Climate and Hydrologic Processes

The TMRW s influenced by the Maitime dimate of the Padific Northwest and the
Mediteraneen dimae of centrd and southern Cdifornia Summers are punctuated by cool
breezes and fog, dong the coad, and hat, dry conditions inland (temperatures up to 37 °
Cddus ae not uncommon). Winters are characterized by abundant ranfal and cool
temperaiures.  Predpitation condds primaily of ran, with some limited showfdl on the
highest ridges during the colder months. Fog and fog-drip are an important dimatic fegture to
the region during summer months, providing a coding influence as wdl as Sgnificat
precipitetion @ some locations near the coedt. This form of precipitation is generdly not
induded in annud precipitation data However, Azavedo and Morgan (1974) found
precipitation from fog-drip ranging between 25.4 cm to 30.5 cm in the open and 184 cm to
216 cm under forested canopy within the western Ed River divide in southern Humboldit
County.

Ran didribution varies both tempordly and spatidly. Approximady 90% of the annud
precipitation occurs between October and April with most of this precipitetion (gpproximetdy
75 %) occurring between November and March. Annud average ranfdl vaies condderably
depending on location, generdly increesng with higher devaion. Weden portions of the
TMRW recaive about 102 cm of precipitetion per year, while the mgority of the watershed
recaives goproximately 152 cm to 178 cm per year. The eagtern edge of the TMRW has an
annud precipitation average of 203 cm (Georgia Pecific SYP 1995).

Waercourse characteridics are dictated by these tempord and spdid patterns of
precipitation and the topogrgphic characteridics of the area Stream flows can dramaticaly
reppond to ranfdl fluduations While interior, higher-devation, aees recave higher annud
ranfdl, mog of this predpitation tends to occur from rdadivey few intense winter sorm
events Thexe intense dorm events coupled with generdly deep taran, lower inland fog-drip
and hat, dy summers result in many ephemad waercourses of ggnificant 9ze which may be
completly dry by summer.
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Figure 2:

Ten Mile River Watershed Map
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Figure 2 (cont): Stream Profile and Monitoring for South Fork Ten Mile River. Georgia-Pacific Corp. Eort Bragg, CA, 1995
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TABLE 1. CLASS 1 GEORGIA-PACIFIC STREAM KILOMETERS
IN TEN MILE RIVER WATERSHED

NORTH FORK
Bdd Hill Cresk 8.8 km Pasy Creek 5.0 km
E. B. Bdd Hill Cresk 1.6 km Balow Gulch 2.2 km
N.E. Fork Bad Hill Cresk .96 km Cavanough Gulch 1.8 km
Blar Gulch 1.3 km Gulch 8 1.6 km
Wes Blar Gulch 26 km Gulch 19 1.6 km
Buckhorn Creek 3.5km Gulch 23 1.5 km
Litle North Fork Ten Mile 6.6 km Gulch 11 1.5 km
North Fork Ten Mile River  25.6 km McGuire Creek 3.1 km
O'Conner  Guich 1.1 km
Totd 68.0 km
CLARK FORK
Bear Haven Cresgk 19.2 km Little Bear Haven Cresk 3.7km
So0. Fork Bear Haven Cresk 1.8 km Booth Guich 3.2km
Clak Fork Ten Mile River  27.5km Gulch 27 1.8 km
Totd 57.2km
SOUTH FORK
Campbdl Cresk 5.8 km Churchman Cresk 7.0 km
Redwood Creek 7.4 km E. F. Redwood Creek 74 km
South Fork Ten Mile River 339 km Smith Cresk 10.6 km
Totd 65.4 km
TEN MILE
Ten Mile River 1.2 km Mill Cresk 1.2 km
Totd 2.4km
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Vegetation
The TMRW is locaed in the North Coagtd Forest Flant Community (NCHPC) (Ornduff

1974) with a dominant oversory condsting of Redwood (Seguoia sempevirens) and Douglas-
fir (Pseudotsuga menziesi). Redwood is a dominant condtituent of coadd foret gtands,
Douglasfir dominates the more inland Stes Monor conifers components in the areg, indude,
Grand Fr (Abies grandis) and Western Hemlock (Tsuga _heterophyila).

Tanoak (Lithocapus dendflorus) and Pecific Madrone (Arbutus menziesi), which ocour
together on mgor ridgdines and mid-dopes, ae common components of conifer sands on
xeric dtes. Genardly, Tanosk and Pedific Madrone conditute a higher percentege of the
dands in the inland portions of the TMRW. Interior Live Osk (Ouercus widizenii) is a minor
componat a& mod xeric gtes on inland ridges

Further inland, near the heedwaters of the North Fork and Clarkk Fork, the conifer
overdory turns to open grasdands These grasdands dso have valey and foothill woodlands
with a dominant oversory of Cdifornia Black Ok (Ouercus kdlow) and Oregon White Oak
(Quercus garryana) punctuated with Douglasfir/Redwood/Tan Oak dands.

Geology

The geology of the area is comprised of Frandscan sedimentary rocks uplifted from the
oceen floor goproximatdy 40 million years ago which formed the Cdifornia Coest Range
The Frandscan formation is a heterogeneous mixture of rocks with diverse origins (War-rick
and Wilcox 198 1). Grayweckie sandstone and associaied shde are the dominant rock types in
the Frandscan assamblege. Altered sea floor basdt, dliceous chert, and exatic high-
pressurelow temperature metamorphic rocks dso occur widdy. Sarpentine is assodiaed with
much of the Frandscan formation, espeddly dong fault zones (Baley & d. 1964). The
Frandscan formation in the TMRW is generdly a dark muddone, with smdler proportions of
conglomerates and serpatines The Frandscen complex is rddivdy young and highly
erodve, ad it has been suggested rivers and dreams on the North Coagt act as sediment
‘conveyer bdts between the hills and the sea (Alt and Hyndman 1982).

About 15,000 years ago, the ocean levd was goproximady 90 m lower than its present
levd. While the sea levd was lower, coadd rivers cut channds degper into the terrain. As
sa levels rose, coedd river valeys were flooded to creste eduaries  Many of the rivers in
Northen Cdifornia, induding the TMR, have thee eduaries which are now bordered by
dluvid floodplains as a result of sediments carried down-river over thousands of years The
expangve tract of sand dunes covering severd square km south of the TMR estuary are
upsream depodts which prevaling winds and tides have moved back on shore Smilar to
many coadd dreams and rivers the mouth of the TMR is completdy blocked by a sandbar
during the summe months and remans 0 urtil the fird autumn rans

Logging History

GeorgiaPadific owns goproximady 85 % of the TMRW which is comprised dmogt
primarily of sscond and third growth foress under active timber management. Vaious
dlviculture prescriptions have occurred within the watershed dnce the fird harves began over
100 years ago. Current timber harvest techniques are radicdly different then those of the pest
where duice dams geam yadas bull teams ralroads, road building and heavy eguipment
were used adjacent to and/or within the dream. Suice dams are not known to have been used
within the TMRW, rather it was primarily ralroad logged until the 1930's With the passage
of ralroad logging came the advent of tractor logging which probebly resulted in the greaiest
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ingream impacts It is generdly agreed that most in-stream impects occurred between the
1940's and 1960's, before the passage of the Z-berg - Ngedly Forest Practice Act of 1973.

Haves techniques were different within the three main forks of Ten Mile patidly as a
result of access, technology and economic condderaions. Due to these influences it is more
effective to describe the timber management history sparady. The difference in harvest
tedhniques in the three man farks d<o influenced the ovedl andyds within this monitoring
plan. Due in pat, to higoricd differences within the watershed we fdt it best to condder
each fork independently. Mogt of the fdlowing higoricd information was adgpted from the 1
September 1995 Georgia-Pacific Com. Sustained Yield Plan, written by Georgia-Pacific
procurement forester Jere Melo.

North Fork Ten Mile River

In 1870, and continuing until the mid-1880's, logging efforts began in the maingem  of
Mill Creek. Essentidly, a dear-cut method was used, trees were feled and the bark was
peded. Fre was usd to digpose of the bark and limbs, providing the loggers and animdl
teams access for logging activities Cut logs were ralled by hend into gulches, and teams of
oxen pulled them to a ral tram located dong Mill Cresk, where they were hauled to the Fort
Bragg savmill. FHre was usad to dear dash fdlowing logging, and regeneration was by
naurd means

Rallroad access became avaladle in the North Fork in the late 1920's Logging advanced
dowly within the North Fork gnce this area was not the primary location for log supply to the
Fort Bragg mill (the South Fork of Ten Mile was the primary location). Sackline cable
sysems were used to remove logs in the area up to and induding the Little North Fork.
Timber was feled essentidly as a dear-cut, and trees not cut were knocked down by cables.
Sash fires were regulaly used to remove peded bark and cut limbs prior to yarding and,
agan, dter yading to dear the land. Regenerdion was agan by naurd means

Currently, thinning operdions and some evenrage regeneration harvests are being
conducted in gands tha range in age from 45 to 65 years Tractors are now used on dopes
bedow 40 percent with running skyline cable systems used on Sesper dopes

As logging progressed up the North Fork, east of the Little North Fork Ten Mile River,
methods changed. During the late 1930's and 1940's, equipment changed from the heavy
dackline sysgems to tractors pulling wheded arches for log yarding on most dopes and, for
the vaery degp dopes to double-drum ground-lead cable systems with a short reach capatllity.
This change in equipment darted a move away from a tota dear-cut method to an economic
dear-cut. The more mobile equipment dlowed “seed trees’ to be |eft, typicaly those tress
less than 91 cm diameter. In the North Fork, the area covered by these practices ran from the
Little North Fork up to and induding Bad Hill Cresk. Beginning in the late 1960's and
continuing to the mid- 1980's, resdud trees Ieft from the fird entry were removed.
Regeneration was accomplished by aerid seeding from the mid- 1960's to early 1970's, after
which tree planting hes been usad.

Practices differed east of Bdd Hill Creek. Logging in the late 1940's to 1960's was dmogt
entirdly by tractors Cutting practices during this time period induded the regulaion of
cutting to diameter limits (122 cm in Redwood and 91 cm in Douglasfir), resulting in many
more remaning “seed trees 1 Regenaraion dfter these operaions was by naurd means
During the late 1960's, operations began to remove resdud trees, and this continued to the
mid-1980's. Regeneration was accomplished by aerid seeding in the ealy 1970's and tree




planting in the mid-1970's For operaions on degp dopes a this time, running skyline
sysems were used.

Clark Fork Ten Mile River

Ealy logging in the Clark Fork area occurred on the north dopes of Sherwood Pesk.
Rallroad access from the area northwest of Willits (whet is now the Brooktralls community)
dlowed logging to occur dong the range line between R 15 W and R 16 W, genegdly south of
the river. Timber was dear-cut and peded, followed by dash fires to provide room for
additiond logging. Cable sysems were usad to move logs to the ralroad. These operations
ran from the late 1890's to about 1920.

Y oung-growth stands that grew dter the early logging in Clak Fork were entered in the
ealy 1980's, and operaions continue to the presat. Evenrage regeneraion cuts have been
usad: clear-cut and cable yarding on stegper dopes and shdterwood and tractor yarding on
gentle dopes. Large volumes of hardwoods have been removed. Hardwoods were quite dense
in these dands resulting from repested fires occurring in the area during the period from the
1940's to the early 1960's. Tree planting has been used to regenerate harvested lands.

As in the North Fork of the TMR, railroads provided access for logging a the mouth of
the Clark Fork in the late 1920's Generdly, timber gands in the Clark Fork were of very
high volume and qudity compared to the North Fork, SO harvest operations were concentrated
in the Clark Fork from 1930's to 1960's. In the 1930's and 1940's, the economic dear-cut
concept was used, genegrdly leaving trees less than 91 cm as “seed trees”” Log yarding was by
tractors pulling wheded arches, except for the double-drum cable systems used on very deep
dopes By the 1950's, diameter limits were imposed, 122 cm for Redwoods and 91 cm for
Douglasfir, and regeneration was by naurd means From the mid- 1960's to the late 1980's,
resdud trees were removed followed by tree planting and aerid seeding.

South Fork Ten Mile River

In the mid 1910's, plans were prepared to build a ralroad into the TMR area from the
savmill a Fort Bragg. Timber dands of the Noyo River area had been depleted quite some
digance from Fort Bragg and a new access route was needed. About 1917, a man logging
camp was edablished dong the South Fork of Ten Mile, near the mouth of Smith Creek.

From the late 1910's to the 1940's, the South Fork was the mgor log supply source and
trangportation was by ralroad. The typicd logging operaion was to fdl and ped trees burn
the dash for access, chop the trees into logs, and then trangport the logs to the rallroad or to an
incline connecting to the ralroad & the river. This resulted in vary large continuous dear-cuts
which were repeatedly burned to dear the land for grazing.

Regenerdtion for the area was by naturd means until the 1920's A tree nursery was then
established in Fort Bragg, and large areas were hand planted up to the early 1930's.  From the
1930's to the 1970's regeneration was by naturd means.

In 1945, a savere and paticulaly dedtructive fire occurred in the South Fork. A lightning
drike darted a fire on the west dope of Shewood Pesk.  For about two weeks, the fire burned
dowly on the ground. A weather change resulted in dry, ees winds and high temperaures
The fire “blew up” and burned to the south and to the wes. It burned the area between
Shawood Ridge and Smith Ridge and wedely between Riley Ridge and Ledig Ridge roughly
to the mouth of Churchman Creek. About 17,000 acres burned in three days This ultimately
resulted in a 10 to 20 year dday in reproduction for the area compared to other aress of the
South Fork..
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About 1948, the sawmill company a Fort Bragg was required to sdl a large acreege of
cutover timberlands to pay beck a loan from the federd government. In the aftemath of
World War 1l, a loan to simulae busness under the Recondruction Finance Act had been
granted to the locd company. Courts later found the Recondruction Finance Act
unconditutiond.  In the South Fork, lands were sold from near the mouth of Smith Creek to
Churchman Cregk; the entire Campbdl Cresk drainage was dso sold. Owners of these
cutover lands used repested burning to convet and mantain the lands for grazing.  On north-
facing dopes fires burned codler and less successfully then on south-facing dopes At the end
of this dash burning period (early 1960's), the lands were purchased back for timber growing.
The gands on northern dopes were generdly older and better-stocked than stands on south
dopes.

Beginning in the late 1970's and continuing to the present, thinning and evenrage
regeneration harvests have been usad in gands from 45 to 70 years of age.  Regenerdion
falowing these harveds has been by tree platting and naurd regengration. Log yarding hes
been by tractors on dopes under 40 percent and by running skyline sysems on Stegper dopes.

Instream History

Unlike land management higory within the TMRW, informaion of indream conditions
prior, or during logging activities prior to the 1930's is practicdly non-exigent for coadtd
Mendocino County. However, effects of these past practices can be witnessed today in many
other watersheds Increased sedimentation, indream  blockages and other operations which
occurred directly in the streem zone probably resulted in extreme environmentd  impacts.

Information which does exig is primaily in the foom of Cdifonia Depatment of FHsh &
Game (CDF&G) surveys, from the 1950's and 1960's. These surveys of biotic and abitic
conditions appear to be the earliet to provide indream descripions This informetion is
iImportant but much of it so anecdotd that quantifiadble condusons are usudly difficult to
obtain.

Today much more informeation on the TMRW's indream parameters exids, mog collected
by CDR&G, the Sdmon Trollers Maketing Assodation and GeorgiaPadfic. Georgia-Padfic
hes collected, by far, mogt of this information and will continue to do s as pat of its
commitment to the ewironment.

JA
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MONITORING DESIGN

In the pagt, most habitat enhancement or restoration projects had a@ther no data or only
limited data before they were initisted (Bryant 1995) - GeorgiaPadific was no exception.
Although some indream  information exised from surveys conducted by locd agendes mog
of the information for TMRW was too scattered and anecdotd to have any influence on the
initial desgn of this prgect. In addition, much of the literature on evdudions of the dream
environment lies hidden in unpublished reports 0 when a manager goproaches a Streeam
problem to determine a solution, it is necessary to dart from soraich (Plats et al.  1983).
Progress (for most monitoring plans) has largdy been by trid and eror with no source of
dandard mesasures and procedures available for guidance (Flatts et al.  1983) and Georgia-
Padfic's insream sampling drategy began much the same way. Many of the Stes sHected for
sampling in 1993 were nat based on locating a representative reach of the drainage.
Representative reaches were ddinegted, a priori, due to the lack of information in 1993, To
compensate for the lack of dream reech information, however, a laige number of sample Stes
were digributed throughout the watershed to increese the magnitude of the sampling scheme
and fadlitate andyss of insream conditions. Over the past few years, GeorgiaPadfic's
efforts have moved towards a monitoring design that is both factud and comprenensve

As with any monitoring plan, there are a vaidly of inheret condraints involved with
sampling the agudic ecosysem, seved of thee indude

» lack of a posteriori information

> the random nature of dimdic events

> Anthropomorphic  effects (i.e fishing pressure)

> lag time between a management action and its effects on water qudity

» dfficuty in diginguishing beween efedts of management adtiviies and naturd  events

> lager waersheds often have multiple manegement activities meking problem sources
harder to pin-point

Sample Ste sHection was basad on horizontal and verticdl didribution (Figure 1 and Fgure
2), adjacency to confluences higoricd data and logigic condrants.

Many monitoring sations were placed adjecent to confluences which can assg in isolaing
discrete inputs from upper reeches, thus piloting sream enhancement efforts For example,
temperature monitors were placed above and bdow confluences in many areas to monitor
thermd inputs from high order dreams into low order dreams

Aress with higoricd information are dso important, even if such Stes ae few ad
locations possbly biased, they provide compaisons to present data which is very important for
trend determination. Replication of previous eforts hes resulted in a more complete data st
which is prested in this document.

Due to the extet of the monitoring program, logigicd condraints dso dictated the
sampling scheme For example, company biologists often sdected locations in condderation
of weather conditions (i.e wet roads high dream flows), extent of sampling equipment,
trangoortation time and other priorities (other monitoring efforts). Snce much of the TMRW
is raher remote, and acocess to many aress limited, monitoring efforts often prove time-
conuming and difficult. Addtiondly, aguatic vetdaxate monitoring and ssdiment sampling

13



gations mugt be sampled within one week of the previous survey efforts to reduce daidtica
bias

Condraints such as these are pat of any monitoring program and must be addressed in a
manner to enhance annud comparability of data This data set will fadlitate monitoring and
andyds of yearly indream conditions and trends

In 1995 sampling across the TMRW induded: 25 aguatic vertebrate Sations
(approximatdy 1 per 7.68 km of Class 1 dream), 35 temperaure monitoring dations
(approximately 1 per 549 km of Class 1 dream), 27 aqudic macro-invertebrate sations
(approximately 1 per 7.11 km), and 23 sediment sampling dtations (gpproximatdy 1 per 8.34
km of Class 1 dream). Stream habitat typing was a two year long process thet condgded of a
100% inventory in SFT for 1994 and a partid (10%) inventory in Clark Fork and North Fork.
Vaidiles messured during hebitat typing incduded, but were not limited to: percent
embeddedness, canopy cover, pool parameters, dominant subdrate, instream  cover, bank
subdrate and cover, and channd width.

GeorgiaPadfic will continue to refine the TMRW monitaring plan, bassd on the bext
avalable informetion, to fadlitate collection of sdentificdly sound data To kesp up with this
myriad of evolving metrics GeorgiaPadific has been an attive patidpaor in the FHdh, Farms
and Forestry Committee (FFFC) both at the policy and technicd levels snce 1993. The FFFC
has been reviewing issues and monitoring techniques unique to the Northcoedt inland fishery
resource. GeorgiaPadfic will implement and adhere to methods which conform to the most
recant techniques recommended by the sdentific community. In gauging the integrity of this
monitoring desgn, professonds are consulted and the mod recant literaure is reviewed. For
example, a quditaive ranking of monitoring parameters (espedidly for aress under timber
management) provided by the Environmentd Protection Agency (1991) was reviewed to assess
the usefulness of our methods (Table 1). Innumerable sources have been utilized to ensure our
methods and protocols reman congdent.

Conclusions

In today’s methodologies (where the “dae-of-the-at” lacks refinement and the form often
is directed by expediency and low cod), the observed physicd, biologicd, and chemicd
conditions and variaions usad to predict fishery condition and reection have often been of low
vdue for providing vdid interpretetions (Plats & d. 1983). To compensate for these
deficdendes during the refinement dages of a projedt, it is essatid that protocols ae well-
described to ensure conggency (Bryant 1995). Without well-decried protocols and a method
of evauaing current conditions (Sandard concern thresholds), interpretation of the
infformation on a uniform bass is impossble leaving redordion never redized. Hence
GeorgiaPadific hes st some dandard threshald limits for sedimens and is evaduating
threhalds for many of the other data measured. Sediment thresholds for example, if
exceeded, will fadlitate enhancematt and resoraion mesaures for the afected area It is
GeorgiaPadfics god to mantan a program which will integraie restoration, providing a
continuous barometer of the response of the ecosysem, and dlow mid-course corrections
throughout the life of the monitoring plan (Bryat 1995). The underlying principles are to
endure that methods are consgtent, repestable and messurable under a wel-desgned plan
which iteraive processes will refine the conceptud modd of the ecosydem as key vaiadles
are identified and less important varigbles are exduded (Bryant 1995).



Snce its inception in 1993, the monitoring design has expanded to encompass a vaiety of
metrics We bdieve this desgn provides rigorous quartitetive data from which measured and
goproprigte land management decisons can be implemented.
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Hgure 1. Didribution of Monitoring Staions Throughout the TMRW in 1995
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Table 1
Qualitative Ranking of the Usefulness of Monitoring Parameters, EPA (1991)
(Parameters  Shaded are those analyzed within the TMRW monitoring plan)

pH

Conductivity

Dissolved oxygen

Intergravel DO

Nitrogen

Phosphorus

Herbicides

Pesticides

Flow

Peak flows

Low flows

Water yield

Discharge

Sediment

Suspended 2

Turbidity 2

Bedload 4

Channel Characteristics
Channel Sross-sections 2 2

alalwlvwv]w]|w]w

Wl le
NiHth|W

[ 8]

N

N

Surface vs. subsurface 3 2

Legend
1 = Highly likely to be useful
2 = Moderaely likely to be useful
3 = Unlikdy to be useful (or little relationship)
4 = Not useful



INSTREAM SUBSTRATE COMPOS TION

I ntroduction

McNal sediment samples (McNel and Ahndl 1964) have been used on Georgiar
Pedfic's ownership in the past by company personnd and others (Bums 1972, Vdentine
and Jameson  1993) to indicate patide gze didribution and percentages of fine sediments
in dream sygems within the ownership. Methods for McNel sampling falow those
recommended by Vdetine (1993), Timbe-FHdrWildife Ambient Monitoring Program
Manud (Schuett-Hames et d. 1994) and CRWQCB. McNal samples were utilized to
cdculae patide sze didribution of instream subdrate and corresponding vaues of
geometric mean diameler and Fredle index. These three measurements have been usad by
others to cdculate survivd to emergence ratios (STE) of sdmonids to (arguably) link
dream conditions to land management activities and percant finer materid in potentid
sdmonid redds.

McNel samples of dl the current instream  metrics (Q-STAR, V-STAR, RAS, D-50,
etc.), exhibit the mog direct link between dream condition and subsequent biologicd
effects  Surviva-to-emergence depends on the amount and grain Sze of fine sediment
depogted a different depths in spawning gravd, as wdl as on bidogic and water-qudity
factors (Chapman 1988). Despite complexities in determining effects of the amount and
didribution of graveds to-embryo survivd, sediment is a dear and quattifidble paramee.
Fine ssdiment in spawning graves have been suggested to influence the STE of sdmonid
through severd possble mecheniams which indude (a) reduction in intragravd water
flow with a subssquent buildup in metabalites and a corresponding reduction in dissolved
oxygen, (b) smathering of embryos and sac fry from high concentrations of suspended
sediment paticdes entering the redd; and (c) entrgoment of fry atempting to emerge from
the gravd to reech the water column. Cleen gravd dlows for high permedhility and
gregter flow of intragravel water to developing embryos and larvae Other  techniques
such as aithmetic mean patide sze (Crigp and Caling 1989), median patide sze
(Witzd and MacCrimmon  1983), sorting coeffident (Sowden 1983), and skewness
(Crigp and Caling 1989) may adequatdly establish instream  trends but they lack dear and
esdly quantifisble parameters between the biology of a fish lifetage and instream
condiition.

Methods

All samples were taken with a modified McNal sample* (modified with a Koski
plunger to avoid loss of core materid) with a core measuring 155 cm in diameter, 135
cm in length and cgpable of holding 2547.3 cubic centimeters (cc) of materid. All samples
were processed intgtu and wet-Seved (volumeric method) rether than dry-seved
(gravimetric method). The volumetric method is advantageous because it is less time
intendve and requires less equipment than the gravimetric method (expediency is criticd
to this monitoring program due to the short sampling period and the large number of
samples taken in the TMRW as wdl as other watersheds within the Georgia-Padific
ownership). Wet-Seving does produce eror snce waer is increesangly retained with

) In the 1993 and 1994 monitoring plan we indicated that a shovel in conjunction with a McNeil sampler would be utilized. The literature
described it as a dtatistically comparable technique to the McNell (Grost et al.. 1991), we have not implemented this procedure.



decresdng deve Sze dlowing for gregter volumetric disglacement of smdler sediments
Correction factors (Shirazi and Saim 1979) will account for this type error but they
frequently are not used nor were they suggested by Vdentine (1993). Correction factors
were not caculated for the 1993, 1994, or the 1995 monitoring efforts. Furthermore, dl
known higoricd ssdiment sampling was done using the volumetric method without
correction factors These hidoric deta further reinforced our decison to utilize the
volumetric method.

To dassfy theoverd| partide-gze didribution of the sample, based on a geometric
progresson, the following 30.5 cm diameter Seves were used: 63 .0 mm, 3 1.5 mm, 16.0
mm, 8.0 mm, 4.0 mm, 20 mm, 1.0 mm, and 0.85 mm as recommended by Shirazi et al.
(198 1). Instream characteridics noted during collection were sream gradient, water
temperature, and stream flow.

Hnes within the TMRW monitoring plan were ddfined as maerid < 0.85 mm. A great
ded of discrepancy exigts in the literature concamning the definition of what conditutes
percent fines. According to Waters (1995) fines less than 0.8 mm is well established and
acogpted by many researchers as the aiterion above which ggnificant mortdity of
embryos could be expected. Other definitions indude: 0.83 mm (McNell and Ahndl,
1964; Hdl and Lantz 1969), 0.84 mm (Reser and White 1984) 1.0 mm (Hal ad
Campbdl 1969) 2.0 mm (Haude and Coble, 1976) 3.3 mm (Koski 1966), 4.0 mm
(MacCrimmon  and Gots 1986), 6.3 mm (Burton et d. 1990) and 6.35 mm (Bjomn
1969). Sediment is a naturd part of the instream environment on the North Coad, yet
high sediment input, egpedidly fines, can have a ddeerious effect on agudic verteoraes
and invertebrates The threshold of concern for sdmonid  eggs and larvae devdopment
usudly fdls aound 20% (Lisle and Eads 1991). Twenty percent was conddered as the
threshald of concan in GeorgiaPadific's monitoring plan.

All samples, while not necessaily extracted from known sdmonid  redds, were taken
from areas known to dosdy replicate spawvning Stes (pool\rifle junctures). Riffle credts
are ud by nearly dl anadromous fishes, and is often the fird area in the Sream sdected
by sdmonids for spawning (Tripp and Poulin 1986). Typicdly they are located a the
trangtion between the two areas mogt heavily utilized for pawning by salmonids, podl
talouts and riffles. Samples taken from the podl/riffle juncture indicate a worse case
scenario of the true sediments found in the subdrate (Vdentine  1993). .

Messurements were taken during the non-spawning time of year for sdmonids in the
TMRW. Sdmonids have been observed spawning in coagtd sreams between November
and May during adequate flow. We sampled during late summer and early fdl, low flows
when fines are mos concantrated in gravels

Two riffles were sampled a each dation, with four cores taken a each riffle, for a totd
of eight cores per daion. There were 23 daions in the TMRW: eght in NFT (two more
then lagt year), Sx in CFT, and nine in SFT.  Samples were taken within one week of last
year's sampling effort to reduce sampling bias All sample locations sampled in 1993 and
1994 were revigted in 1995 (Figure 2). However, the same pool\riffle  junctures were not
necessaily sampled eech year. High winter flows often moved these junctures or
diminated them completdy; in such cases we sampled from the nearest suitable location.

Individud cores were averaged and partide didributions are presanted gregphicdly, and
in tabular form. Geometric mean and Fredle index were cdculated individudly, averaged,
and presented grgphicaly. Two goproaches are widdy used to describe subdrate
compogtion (Young et d. 1991; Waters 1995): particle Sze didribution and the centra



tendency. In the firg, the proportion of subdrate patides less than a given sze is
quantified by weight or volume (generdly percant finer). In the second approach, aspects
of the centrd tendency of the entire partide didtribution are described (geometric meen,
Fredle index, and others). However, mog of the recant literaiure esimated STE from
dther geometric meen or Fredle index rather than perceant fines. A sngle messure of
subdrate compogtion is probabdly inedeguate a this point in time; consequently, we
present percent fines, geometric meen patide Sze Platts e d.  1979) and Fredle index
(Lotspeich and Everest 198 1).

A Multivarige andlyss of vaiance (MANOVA) for the past three years data was
andyzed with both fixed and random effects usng the program, Satisica The “fork”
(SFT, CFT, NFT) ad “dream type’ (tributary or mangem) were fixed effects The
“creek” (Campbel Creek, Smith Creek, etc.), “Ste’ (sample sation) and “year” (1993,
1994, 1995) effects were random. The “year” effect was a repeated-measure andyss.
The “fork” effect was fixed because they conditute different andyds aress. “Stream type’
was fixed to account for different sampling intendties within the three principel
watersheds. In 1993 and 1994, CFT and NFT had sx sample locations and SFT had nine.
Sample Sze had to be equd in order'to andyze differences between “forks’.

Consequently, ance both CFT and NFT had three gaions in higher order tributaries and
three in maingems it was necessary to choose the same criterion for SFT. Sx sample Stes
were chosen & random for both tributaries and the mainstem in SFT for this andyds

The 63 mm gze dass was not andyzed because this Seve Sze was not utilized in 1993
or 1994. New sample sites from NFT were not incorporated into the andlyss for the same
reeson. Each percentage was trandformed with the formulg Y = 2 *
ARCSIN(SQRT(X/I00)), to dahilize variances Andysis of differences in percant finer
between the three forks was cdculated to determine if Sgnificant differences exised (P-
vdue< 0.01)

Additiondly, an andyss of vaiance was cdculaed to determine if a sgnificant
increase (P-vadue < 0.05) in percent finer could be determined in two of the three forks,

Results

A totd of 184 cores samples were extracted in the TMRW in 1995 from 23 locations
in the watershed (Figure 1). Results are displayed grephicdly in Appendix A. Individud
patide-gze didribution, per core, with correponding geometric mean, Fredle index, and
dandard deviation are presanted in Table 1. Ovedl averages for percant fines from dl
three forks are digplayed in Fgure 2.
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Figure 2. Summary of Sediments <0.85mm for the entire TMRW McNel Sediment Sampling Sites,
1995.

Subdrate partides < 0.85 mm for the TMRW ranged (per dation) from 14.0% (Upper
South Fork Ten Mile-head waters of SFT) to 28.8% (Patsy Creek-upper NFT). Percent
finer materid increased in 1995 over 1994 and 1993. Increases were noted at 11
locations, decreases were noted a eght locations, two dations remained condstent with
last year's results, and two Sations were not sampled in 1994. In NFT, fines < 0.85 mm
increased 7.8%, from 20.6% in 1994 to 22.75% in 1995, between eight sample stations
(Hgure 3). The two new sample dtes in NFT were not induded when determining
percent difference between years.
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Figure 3. Summary of Sediments <0.85mm for NIT McNel Sediment Sampling Sites, 1993-1995.

In CFT, fines< 0.85 mm increased 4.5%, from 18.3% in 1994 to 19.13% in 1995,
between sx sample locations (Figure 4).
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Figure 4. Summary of Sediments <0.85mm for CFT McNel Sediment Sampling Sites, 1993-1995.

In South Fork Ten Mile (SFT), fines < 0.85 mm increased 3 .0%, from 16.6% in 1994 to
16.97% in 1995, between nine sample locations (Figure 5).

01993
35 01994
30 - 269 | 1995

Average Percent Fines (<0.85mm)
>

PO

H

b
3
-
g20%
n.%ﬂ
33845
@

Lower

Campbell B
Creck
SFT at

Brower's SOl
Gulch

Lower Smith b
Creck
Churchman =
Creck
SFT at Buck feses
Mathew
Upper SFT
SFT Below
Churchman
Ck.

Site  Name

Figure 5. Summary of Sédiments <0.85m.m for SFT McNeil Sediment Sampling Sites, 1993-1995.

Increase in percant finer for over the three year period in dl three forks was determined
not to be ddidicdly sgnificant. In NFT the P-vdlue = 0.38, in the CFT P-vaue = 0.33.
A P-vaue cdculaion was nat gopropriate for SFT because percent fines decreased overdl
during the three year period Vaiability within the three years data did not dlow for trend
Oetermingtion.

For actud differences between the three forks we found a dgnificant difference in five
of the patide gzes induding percant fines (Tadle 2). This suggeds the differences found
(i.e percat fines) between NFT, CFT, and SFT may be the result of actud differences in
patide dze digributions of each fork's repective bedloads when compared to each other.



Table 22 MANOVA between NFT, CFT, and SFT to determine if fork has a dgnificant effect on measure
sediment  fractions. Shaded rows = Statigticaly significant.

MANOVA
Main Effect: Fork
Depend. variable Fork, Streamtype, and Year are independent varigbles
deve Sze Mean Sor. Mean Sor. Fdf1,2) p-leve
Effect Error 2,129

011225 .009803 1.14508 321411

While these data show an increese in fines in the watershed as a whole over the padt three
years it was not dditicaly sgnificant (P-value = 0,055). This is an important point &s it
Uggests we cannot yet determine trends from percent fines from the padt three years daa
Set.

Geometric mean partide-sze ranged from 3.7 mm to 159 mm for the TMRW  with an
overd| average of 7.10 mm. Geometric meen decreased overdl from 1993 (8.79 mm) to
1994 (7.71 mm) to 1995 (7.10 mm) within the TMRW. In NFT geometric meen patice
gze ranged from 4.6 mm (Buckhom Cr.) to 12.6 mm (Bddhill Cresk) with an ovedl
average of 6.86 mm. In CFT geometric meen paticle sze ranged from 51 mm (Little
Bear Haven) to 9.9 mm (Reyndlds Guich) with an overdl average of 683 mm. |n SFT
geomeric mean patide-gze ranged from 3.7 mm (Churchman Cr.) to 15.9 mm (Upper
South Fork Ten Mile) with an overdl average of 7.50 mm.

The Fredle index ranged from 1.2 to 5.5 for the TMRW with an overdl average of
2.02. There was overd| decrease in the Fredle index from 1993 (2.91) to 1994 (2.40) to
1995 (2.02) within sample locations in the TMRW. In NFT the Fredle index ranged from
1.2 (Mill Creek and Gulch 9) to 3.9 (Bad Hill Creek) with an overdl average of 1.73. In
CFT the Fredle index ranged from 1.4 mm (Booth Gulch) to 3.6 (Clark Fork bdow Little
Bear Haven Creek) with an overdl average of 1.9. In SFT the Fredle index ranged from
1.2 (Campbel Creek) to 55 (Upper South Fork Ten Mile) with an overdl average of
2.36. Percent STE, per dte, is plotted againg Fredle index in Figure 6

Discussion

Percent finer materid in 1995 had an overdl increase from 1993 and 1994 while
geometric meen and Fredle index had an overdl decresse High flows were hypothesized
in lag years monitoring results as having the potentia to decresse percent finer materid.
However, due to the high vaiability t-hat is inherent with sediment sampling sudies we
could not condude, gatidicdly, if changes in percent fines were the result of changing
dream conditions. These results are to be expected when the inherent vaiability of
patide gzes within pool\riffle  junctures are consdered. Vaentine (1993) described a
number of other posshle influences thet obscure determingtion of current conditions



Current condition can be variable due to localized natural geologic events, historic
land uses, current land uses, and short- (1-5 year) to long-term (decade +) climate
conditions. Relative to land-use decisons, interpretation of the significance of
‘condition’ is complicated by this inherent variability. Even short-term conditions
may be critical when the population of a species (be it fish or of another taxa)
which is sengitive to subdtrate character is extremely low. However, generdly
trend is of greater significance than a ‘snap-shot’ of current condition. Repeated
application of these guidelines over time will enable trend to be assessed

As | interpret these data collected over the padt three years the variability within and
between sample Stes does not surprise me In the fidd, a great ded of varidility in
ubdrate compogtion within a podl/riffle juncture exigds Looking a individud samples in
Table 1 will illugrate this point. Despite this varighility, overdl percentages from the
same sample locations gopear to reman rddivdy dable (within a few percentage points
for the andlest fractions). It will probably take many years to describe the trend of these
data with any daidicd rdigbility, but again this should be expected when gathering
basdine data on any physcd process Unfortunatdy, the impatience of some observers
will dlow them to see “trends’ even when they cannat be proven.  According to EPA
Monitoring Guiddines (1991) the definition of basdine monitoring is to:

.. Characterize exising water qudity conditions, and to establish a data base for
planning future comparisons. The intent of basdine monitaring is to capture much
of the tempord variability of the condituents of interest.. .

GeorgiaPadific will continue to compile data on dream bedload compaostion into the
future, eventudly dlowing for a determination of trends in the TMRW.

Vdentine (1993) recommended the taking of measurements dong the second medid
axis of the three largest rocks collected per individud core If the largest partides are
gregter than 1\3 - 1M the diameter of the sampling core, a larger sampler is uggested.
However, due to incomplete data records we have not andyzed avalable daa to date.
We do intend to utilize shoves on sample Stes with larger patide gzes in 1996. This
should provide a more precise indication of paticde Sze digribution from these Stes.

In NFT fines increased past the 20% threshold in 1994. Fines remained devated in
1995 (22.27%); subsequently Georgia-Pacific will continue to concentrate restoration
efforts in this part of the watershed in 1995 (Also see section on Improvements,
Redoration and Enhancement). | sugpected fines are devaied within NFT due in large
part to effects of past practices. Tractor logging, espedidly in the upper end of NFT, wes
utilized up and down virtudly evary dope in the watershed. The landscgpe often take
decades to recover from the effects of such techniques Since access throughout this
watershed was opened to the upper end of NFT in late 1994 Georgia-Pecific has been able
to identify and correct many of these problems GeorgiaPadific however will nat limit
restoration activities 0ldy to the NFT; where feasble, such attivities will dso be
evduaed in CFT and SFT on a Ste spedfic bass

While Georgia-Peadific owns the mgority of the North Fork it is not the sole
landowner. The areas above GeorgiaPadfic ownership have been indicated by the



Cdifomnia Dept. of Foredry and Fre Protection as a possble source of sediment input into
the watershed (Appendix B).

The addition of sediment from these other sources is important in evalugion but is
often an unquantifisble parameter. In addition, the lack of condsency among scentiss
regarding the mogst accurate methods of andyzing has cregted a data processng
nightmare Many dudies have atempted to rdae land management activities with
indream sdiments while others have shown more effects from naturd geology. For
example, Bexthta (1982) noted the percentage of fine sediment was better than the
geometric meen as an indicator of the intengty of land use Cedahdm et al. (198 1)
showed that the percentage of sediment (<0.85 mm) in gpawning graves incressed in
proportion to basn area affected by timber harvesing and roads Duncan et al. (1985)
however, found the amount of fine sediment (<2 mm) was more dosdy corrdated to the
lithology and soils of the watershed then to fores management practices They did find a
ggnificant postive corrdaion between percentage of watershed area in sedimentary rock,
and percentage of medium and fine sand and St partides in pawning gravels Bexchta
(1982) gaed a modified Fredle index might be the best qatigtic for describing the
compadtion of gpawvning gravds Stowdl et d. (1983), Bjornn(1969), Phillips et al.
(1975) and others however atempted to edimate surviva to emergence (STE) réio from
the percentage of fine sediment in a subdrate. Young et al. (199 1) found predicting STE
from the percentage of subdrae less than a given dze unsatidactory because surviva was
sengtive to the digribution of sediment 9ze within the target range. Ther dudies
indicated geometric meen partide sze was the best predictor of STE. There is much
controversy in the literature as to the best ddidic to edimate STE and detect change in
subdrate compodtion causad by land use Due to the Frandscan formation that comprises
the gedlogy of the areq, the conflict of results in sudies and the lack of natd dreams in
our immediate area where data cannot be compared it is difficult to connect percent fines
to a gpedfic land management adtivity.

— Other congderations which may dictate indream fines during gpawvning and rearing
indude the flushing of fines during redd congruction.-Condderable flushing of the finer
sdiments occurs during redd condruction (Kondolf et al.  1993) Although an extreme
example, data for Chinook Sdmon (Oncorhvnchus tshawvtscha) in Evans Creek, Oregon
(Everest et al., 1987) indicated, fine sediment content lowered during spawning from 30%
to 7.2%. Such extreme modification is unusud, but not unique SAmonids utilizng the
TMRW ae sndle than Chinook, subssquently decreases in finer maerid would not be as
extreme. Conditions in the actud redds can be expected to be no worse a lead, than the
samples, and o actud surviva would likely be better than indicated. Neave (1949)
obsaved tha the high eggtofry survivas achieved by Coho Samon Oncorhvinchus
kisutch) in comparison with other sdmonids were due to the sdection of better spawning
Stes in aress of good flow dability and to less crowding.  This further illudrates that STE
IS probably higher than what is indicated by these data 9nce sampling occurred &
poal/riffle junctures, not necessxily redds.

Georgia-Padfic will continue to monitor the TMRW indream sedimentsin the future,
The andyss is expected to expand each year in conjunction with new incoming
information and resources. In time, we hope to gauge actud indream  conditions and
trends for sdmonids. Additiondly, it is our god to efectivdy monitor restoretion

(e



adtivities in order to more effectivdy mest needs of the fishery resource in our locd
environman.
JA



igure 1:
Ten Mile River Waterghed McNé Sediment Sample Station Map (1995)
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STREAM AGGRADATION PILOT STUDY

I ntroduction

In January 1995, Georgia-Pacific implemented a pilot study to measure changes in
sream bedload levels in South Fork Ten Mile River. In some North Coast watersheds,
sediment bedload levels have filled estuaries and/or river mouths as a result of
increased sediment loads. As these mouths fill, access for anadromous fish is hindered.
Increased flooding frequency, possbly as a result of eevated stream bottoms, has
rased concerns regarding increased bedloads. This pilot project was initiated to
amdliorate such concerns. Aerid photographs of the TMR estuary from the 1940's to
present indicate that such sediment loads are not present in the TMRW and the estuary
has remaned essatidly the same.

Although the McNell sediment sampling technique measures specific compostion
(rdative sze and volume) of dtream sediments, it does not reflect the dynamic action of
depogition (as do metrics such as scour chains). GeorgiaPecific consulted Ted
Wooger (Environmenta Specidist |V, CDF&G, Yountville) concerning possible
techniques to quantify indream deposition rates. He suggested a sediment aggradation
sudy using permanent instream benchmarks and measuring these benchmarks through
time. This pilot study attempted to document large-scde sediment transport in SFT.

Study Area and Methods

Three 1 ,000m study Sites were located in the maingem of SFT, and one 500m
reach located in Redwood Creek, immediately above its confluence with South Fork
Ten Mile. Stations were placed 250m gpart in each study area. Stations consisted of
95cm  diameter sted rebar rods or 2m fence posts driven into the stream bed.  The
rebar came in two lengths, 91cm and 198cm, to facilitate placement in degp-water
gtuations and sub-surface obstructions. In addition, two pools from each study Ste
were chosen. Rebar was placed a the head, tail, I€ft, right, and center portions of each
pool. A totd of 62 pieces of rebar and fence posts were utilized for the study. The
primary measurement was length of rebar above the subdtrate. Differences in lengths
were recorded and calculated to determine if bedloads were increasing or decreasing
within the reech.

Placement was conducted in January 1994, prior to any mgor storms or resulting
runoff. In August 1994 and November 1995 each dation and pool was revisited and
data was recorded.

Results and Discussion

Preiminary results indicated an active sediment trangport system. In 1994 the
overdl removal of sediments upstream were maiched by an average increase in
sediment levels downstream. There was tremendous variation in depostion and
mobilization in each study area. Some pools apparently filled, while others scoured.

High flows in 1995 draméticaly dtered the instream environment within study
gtes in the South Fork. Those study dtes in lower South Fork were particularly
impacted by last years high winter flows. Many pieces of rebar and dl fence posts




were bent down to the stream bed. Scour and deposition removed or buried many
pieces of rebar from the lower study areas. In the upper reaches of SFT and Redwood
Creek the rebar fared better, especialy those pieces stuated in pools. The bedrock
stream bottom present in many if the upper study sSites helped hold the rebar in place,
however virtualy every piece was bent down to the stream bed.

In a sream system as dynamic as SFT a sudy utilizing rebar and fence podts as
permanent benchmarks is inadequate. Benchposts of more sturdy construction would
prove more successful but the cost and labor involved would defeat the initid purpose
of this pilot project. This project was initiated in an atempt to provide an expeditious
technique to ascertain trends of dream-bed movement with minima financia and time
expenditures.  Unfortunately, this proved unsuccessful due to the high 1994/1995
winter flows and will not be implemented as a metric for future TMRW monitoring
plans.



STREAM TEMPERATURE MONITORING

I ntroduction

Sream temperaure is one of the mog important environmental factors afecting
fish (Fry 1969, 197 1; Hutchinson 1976). Temperaure regimes influence migration,
€gg mauraion, spavning, incubation success inter- and intragpecific competitive
adility, resgance to paradtes diseases, and pollutants (Armour 1991). In fish,
metabolic activity is directly rdaed to temperaure and affects processes such as
enzymatic activity and whae organiamic attivity such as growth (ODEQ 1994).
Although optimd temperaure range for mog juvenile sdlmonid pecies is
goproximatdy 12-14 ° C (Brett 1952), the impects of threshold temperatures to naturd
fish populaions is not wdl documented. According to Bjornn and Reser (1991):

Sub-lethal and lethal effects vary according to factors such as acclimation
temperature, duration of temperature increase, daily fluctuations and
ecological ~ adaptations. Studies have shown that many populations of native
salmonids respond to natural temperature patterns in streams by moving
upstream or downstream when water temperatures become unsuitable. In
small streams where daily maximum temperatures approach lethal values,
salmonids can thrive if the temperature is high for only a short time and then
declines into the optimum range.

Nevethdess temperatures which increese to levels beyond the thermd tolerance
limits for long periods of time can cause dress reduced immunological resgance to
pathogens and reduced growth in fish (Sniezko 1974; Avtdion 1981; Wishkovsky and
Avtdion 1982). It is difficult to describe how fish respond physologicdly to
temperatiure dress because temperaure modifies the dinicad 9gns of dress (Strange et
d. 1987; Baton and Schreck 1987). Elevaied temperaiures can eventudly lead to
desth by diret and indirect modes Lethd levds for adult sdmonids will vary
according to the above mentioned factors and generdly are in the range of 23-29 * C
(Bjornn and Reisr 1991).

Summer indream temperatures have been identified as a limiting factor for
juvenile smonids Mendocino County dreams reech highest temperaures from mid
to lae summer, the time of greates lar inddence, low water flows, and ambient ar
temperature. Anthropogenic activities can exagperde the summer instream  thermd
conditions.  If dream temperaures are warmed in one location, that heat is trangported
dowvndream.  If severd adtivities occur dong a stream, their effects on temperature can
be additive for some digance (ODEQ 1994) unless diluted by other cool water sources
or dimatic conditions (fog influence, topogrgphy ec.). If temperaures exceed themd
tolerances of a given gpedies they can reduce habitat avalability for rearing juvenile
fish by exduding accesshility.

In an effort to evduae temperature as a possble limiting factor for sdmonids in the
TMRW, GeorgiaPadfic initiatled an instream temperaure monitoring program in
1993. Temperaure data loggers are didributed each year throughout the TMRW during
the summer low flow when themd regmes dtan thar maximums. Within the TMRW



Coho Sdmon and Stedhead Trout juveniles are the two primary vertebrate anadromous
redents. Coho Sdmon have a narow range of thermd tolerance and are more
usoeptible to impects of higher water temperatures than Stedhead Trout. To address
limiting temperatures for the mogt sandtive fishary resource in the watershed, Georgia
Pecific's adjusted average weekly temperature threshold is 183 ° C for the TMRW.

Methods

Temperaiures were measured continuoudy with 35 temperature data loggers (Onset
Computer Corp. modd Hobo-Temp temperature logger) in Class 1 dreams throughout
the TMRW (Fgure 1). Hobo-Temps ae rddivdy inexpensve and dlow
uninterrupted data collection to occur throughout the criticd over-summer period.
Hobo-Temps were placed in pools near the bottom, and towards the degpest portion, to
record in-dream temperaiures. They were anchored with 95 mm diameter ded rebar
and secured by 2 mm ged wire  Indream and riparian measurements were teken a
dl Hobo-Temp locations. Although a large source of temperaure vaiaion results
from flow, flow measurements were naot taken during 1995 due to unavalability of an
afordable and rdidble continuous flow meters

Hobo-Temps can be st to record temperaures a different time intervas resulting
in a coregponding vaiey of memory longevity intervals In 1993, dl Hobo-Temps
were st & atime intervd of 1.2 hours between sample periods. Upon further andyss
of these data it was reveded a number (2-4) of redundant data points exided a criticd
high and low peks in daly temperaure fludtuations Furthermore, an intervd sdtting
of 1.2 hours resulted in a memory life of only three months for each data logger.
Subsquently, the data collection intervd was changed to 24 hours, thus dlowing for
complete capture of thermd pesks and extending data logger memory life to Sx
months A Ix month time inteva dlowed for complete bracketing of aiticd summer
low flow temperaures by cgpturing initid summer temperature increese and  ubssquent
autumn decresse. All 35 Hobo-Temps were inddled in the TMRW beween 5 June
1995 and 18 July 1995 and removed between five and sx months later. Ingdlation
dates for eech Hobo-Temp occurred one day before the fird day logged on the
continuous temperature monitoring figures This was done in order dlow for the data
loggers to reach equilibrium with the indream temperature regimes and to capture
complete daly cydes

Although cdibration is suggesed by Schuet-Hames et al. (1994) and Vdentine
(1994), Hobo-temps were not cdibraied and it is possble some readings may be dther
higher or lower than actud waer temperaures. Hobo-Temp cdibration is planned for
temperature monitoring within the TMRW for 1996.

Many juvenile sdmonids congregate in podls over the summer months hence,
pools were chosen (over riffles and runs) for Hobo-Temp locations Nidsen et al.
(1994) found that when themd drdification occurred in pools in Northern Cdifornia
dreams, dgnificant numbers of Stedhead Trout utilized the coodler portions (bottom) of
the pod. Cool water refugia, or pools, ae thought to provide critica habitat in
dreams with devaied daly and/or weekly average temperaures and would comprise
the lag avaldde habitat in a themdly dressed environment.



Since 1993 Hobo-Temps have been placed in pools nonethdess, due to concearns
regarding possble biases assodated with placement (i.e sampling the coolest portions
of the dream may not give an accurate represantation of the agudic habitat), four riffle
temperatures were monitored in 1995, These Hobo-Temps were inddled in four
different riffles immediatdy adjacent to pod locations to determine if riffle/pool
temperatures  differed.

Daa from the 1995 temperature monitoring effort were diglayed in two formas
continuous temperature monitoring and mean weskly averages. Average weskly
temperaures were cdculated for the seesond temperaiure pesks, mid-June through
midcAugus. From these data the highest weekly average temperature (HWAT) was
cdculated. The beginning of the cdendar wesk was chosen as the beds for initiating
weekly average temperatures. Seven day moving maximums and ssesond  cumuldive
temperature were not caculated, but could provide a beds for additiond andyss in
future monitoring  eforts

The maximum weskly average temperature (MWAT) that should not be excesded
for Coho Sdmon is 180" C to 183 ‘C. This MWAT is GeorgiaPacific's threshold
temperature above which this critical hebitat festure would be conddered limiting to
smonids in the TMRW. This threshold was caculated for the resource in the
waeshed mod limited by increesng, or high, temperaures (Coho Sdmon). MWAT
was derived from EPA (1976) waer qudity citeria for fish growth and survivd
(18.0 * C) and from Armour (1991) usng the fdlowing formula

MWAT = OT + (UUILT - OT)/3

where
OT = a reported optimd temperature for the particular life dage or function, of

a paticula spedies
ad

UUILT* = the ultimate upper indpient lethd temperaure (Fry & d. 1946).
MWAT was then cdaulaed usng the fallowing numerics

OT = 15°C (USDI 1970)
UUILT = 25 °C (Brett 1952)

Mean weekly average temperaures portray a more complete representation of
dream temperaures during the period of grestes ambiet ar temperaures and Solar
incddence. This type of andyds provides an index to the average temperaure
conditions for fish (which they are more likdy to respond physodogicdly), then the
shart (2-3 hour) peeks above optimd. The overdl dream conditions are more difficult
to andyze with continuous temperaure grgphs and the diurnd fluctuaions can
sometimes be mideading (Both types of graphs are presented in this report). In

' The upper temperaure a which tolerance does not increase with increasing
acdimaion temperaures



addition, andlyss of indream thermd regimes based on mean wekly average
temperate has been suggested by EPA (1986) as a method to edimate themd
thresholds

Results

Of the 35 Hobo-temps deployed in the TMRW, three falled to download when
retrieved & the end of the sampling period and their data was los. These dtes were
located in the South Fork a Gulch 11, Churchman Creek, and lower Redwood Cresk
(riffle). Furthermore, a Hobo-Temp placed near GeorgiaPacific's propety boundary
near the heedwaters of the North Fork was removed and placed on the streambank by
unknown individuds Thirty-one Hobo-Temps were successfully downloaded, results
from each sampling location are digplayed in Appendix 1.

Tempearaures in the TMRW did not exceed MWAT in 1995 a any of the sampling
locations. There was an overdl trend for temperaures in the TMRW to increese as
dream order increesed. However, the sample gations (CFT4, SFT3, NFT4) lowed in
each of the three forks of the TMR did not record the overdl HWAT for ther
rejpective forks The HWAT were recorded from the following five dtes SFTS
(17.7°C), NFT1 (17.6°C), NFT5 (17.6°C), CFT2 (17.4°C), and SFT6 (17.3°C).

HWAT varied according to dranege and placement of the monitoring dation (pool
vs riffle. HWAT for riffle locations were obtained during the weeks of 2 July 1995
through 22 July 1995. Interestingly, HWAT in riffle locations occurred one to three
weeks before the HWAT in immediatdy adjacent pools The HWAT for Hobo-temps
placed in pools occurred during 23 July 1995 through 5 August 1995 in dl but one
dation (Buck Mahews Gulch--SFT5--which had the highest overall HWAT in the
TMRW).

HWATSs varied between drainages In the South Fork, HWAT was reached
between 30 July 1995 and 5 Augugt 1995 in 80% of the sample locations. In the North
Fork, 100% of sample locations reeched HWAT during the week of 23 July 1995
through 29 July 1995. In the Clak Fork, HWAT varied condderably more, reeching
ther average pesks between the weeks of 23 July 1995 through 5 August 1995.

Discussion

Reaults for 1995 temperature monitoring program suggested temperaures in the
TMRW were bdow the Coho Sdmon MWAT threshold of concern for dl sample stes
From these data it gppears temperatures were not a concern for salmonid spedies in the
TMRW for 1995. Seven dations (SFT5, SFT6, CFT4, CFT9, CFT2, NFT5 NFTI),
however, did record pesks of 20 ° C or dightly higher during 1995. These temperatures
pesks were of short duration and were preceded by gradud decreases in daly
temperaiure pesks The diurnd fluctuations likdy contributes to some leves of dress
endured by juvenile sdmonids Sight fluduations in temperaure may dlow juvenile
sdmonids the acdimation time necessty S0 that these pesks do not encourage
physologicd dress, thus dlowing for adgptable temperaiure tolerances within the fish.
Sudies with juvenile Rainbow Trout (Threeder and Houdon 1983) and yearling
coadd Cutthroat Trout (Hedth 1963) confirmed that samonids which experienced



diund fluctugtions of 65 ° C and 10° C respectivdy, had sgnificantly higner UILT's
then fish exposed to continuous temperatures. Bjornn and Reiser (1991) found that in
andl dreams where daly maximum temperatures goproach upper indpient lethd
vaues, sdmonids can thrive if the temperaure is high for only a short time and then
dedines wdl into the optimum range.

The fdlowing is an andyss by foks of the themd regimes within the TMRW.

North Fork Ten Mile

Stream temperaures for NFT were warmest near the headwaters (NFTI) and
exhibited a generd downdream cooling trend. NFT4 was the furthes downstream
sample gation on the North Fork and reached a HWAT of 17.1 °C during the week of
23 duly 1995. The average temperaiure for NFT was 16.8 ° C for the two warmest
weeks (23 July 1995 - 5 Augudt 1995)) recorded from poals in the watershed for the
year. NFT1 reached a HWAT of 17.6°C during the same wesk with an average
temperature of 17.45 °C for the two warmest weeks, resulting in 2 06 ° C difference
between those two Stes

Temperaure differences probebly resulted from a vaidy of influences afecting
water temperatures. NFTI |, near the headwaters of the North Fork dranage, is below
aess of open grasdands with poor riparian canopy cover. Additiondly, the channd
above this gation is comprised of bedrock and was labeled as a bedrock reach by
GeorgiaPadific’s hebitat typing crew. Beschta e d. (1987) found bedrock channds
ae more eficdent then gravd-bed channds a conducting heat. These factors
undoubtedly contributed to this dation regidering the highest weekly temperatures in
this fork of the TMR.

The NFTM genegdly flows esst to wes from the headwaters until it reaches the
confluence of the Little North Fork of the TMR. At this confluence the river flows
north to south until it reaches the TMR eduary. The summe solar angle contributes
less theemd energy to northrsouth flowing dreams, than esstwest flows. Hence
east/west flows would be expected to have a higher summer indream  temperature
unless protected by heavy canopy cover and/or incised channds.

This gpparent coadling trend is not aypicad for a mangem and other dudies have
resllted in dmilar findings (Vdentineet d. 1995). This evet may provide evidence
of extraneous influences such as dfects of dimate (effects of fog from the coed),
topography  (topogrgphic and vegdative sheding) and hydrology (cool-water inputs
from tributaries and groundwater flow). Inddentd review of the mogt obvious coadling
inputs (tributaries) shows many kilometers of perennid water entering the maingem.
The mangem of the North Fork aoove NFT4 is goproximatdy 24.5 km long and haes
goproximatey 40.8 km of Class 1 dreams flowing into it. For every one km of
mangem dong the North Fork, there are 1.6 km of tributaries flowing into it. This
retio is much higher for North Fork then for the other two main forks of the TMR.  (In
the Clak Fork, for every one km of mainsem there are gpproximately 0.7 km of
tributaries and in the South Fork for every one km of maingem there are gpproximatey
09 km of tributaries).




Furthermore, sream temperaure is a function of many factors driven by the
prindple that the main source of heat for amdl mountain dreams is the solar rediaion
that directly drikes the surface of the stream (Brown 1971). North Fork tributaries
comprised an average canopy cover of 86% while the mainem had an average canopy
cover of goproximately 70 % . Canopy cover fadlitates the reduction of solar energy
from reaching the cresk. Accordingly, it would be expected with the high degree of
average canopy cover on NFT, tributary temperatures would be cooler than those on
the maindem. Reaults indicate thet this was the case for 1995.

Clark Fork Ten Mile

A generd warming trend occurred from the heedwaters to the Clark Fork/ North
Fork confluence. The highest weekly average temperaiure occurred & CFT2, roughly
9.6 km aove the Clark Fork/North Fork confluence. CFT4, the lowest sample daion
on the maingem, reached a HWAT of 16.7 * C and had an average HWAT of 16.7 C
during the warmest two weeks of the year (23 July 1995 -5 Augugt 1995). The HWAT
for CFT2 was 17.4 ° C for the Clak Fork/North Fork confluence with an average
temperature of 17.15 ° C during the two warmest weeks of the year (as indicated by
records from pools in the waiershed). The HWAT for CFT8, the furthest dation up
the waterdhed, was 143 C with an average of 14.05 C during the two warmest
weeks.

The HWAT within the mainsem of the Clakk Fork exhibited an increesing trend
from the heedwaters to CFT4, then a dight cooling trend near the confluence of CFT
and NFT. As with the North Fork, reasons for fluctuaing thermd regimes are
complex. Tributaries conditute less area par area of maingem than the other two
waeasheds (however avarage summer flows from these tributaries are unknown). The
thermd regime of the Clak Fork is dso influenced by the fact that it flows esst to west
for essatidly its entire length. This greatly increeses the duration of solar exposure on
the maingem. However, the degree of solar radiaion directly reaching the cresk is
more likdy mitigated by an average canopy cover of 76% on the maingem and 90% in
the tributaries.

Addtiondly, coagd maitime influence, ground water input, and topographic
effects dl influence the instream themd regime, and act cumulaivdy to cod the
mandem’s temperatures as it gpproaches the confluence with the North Fork.

South Fork Ten Mile

Streams in SFT reached HWAT (17.7 * C) a SFTS located (gpproximatdy) midway
between the headwaters and mouth of the South Fork. Temperatures, like those in the
CFT, exhibited a gened warming trend as they moved from the heedwaters (SFT9) to
the lowest sample dation on the maingem of the South Fork (SFT3). The HWAT for
SFT9 was 15.2 * C for the week 30 July 1995 and averaged 14.85 °C for the two
wames weeks of the year. SFT5 reached its HWAT condderably sooner than any
other of the other Hobo-Temps located in pools (9 July 1995 - 16 July 1995); reasons
for this are not dear.

The South Fork flows essatidly eest/west until the confluence of Churchmen
Cresk where it flows genardly from the southeest to the northwest. Topogrgphic




shading, coo water influence from nearby tributaries, and coadtd maitime influence
gopear to cool stream temperatures between SFT5 and SFT3. Therewasa 0.9° C
difference between these two gdtes during thar respective HWATS.

SFT5 and SFT6 both had temperature pesks over 20° C in July. As with the other
gtes in the TMRW, the peeks were of short duration and dl weekly average
temperatures were bdow the Cono MWAT. Temperaures in the South Fork gopear to
reech thar maximums between SFT5 (Buck Maithews Guich) and SFT6 (South Fork
above Camp 28) and codl as they gpproach SFT3 (Browers Gulch). Canopy cdosure on
mangem SFT averaged 77 % and 85 % in the tributaries.

Discussion - Continued

In generd, the tributaries of the TMRW exhibited instream thermd consgtency.
These condant temperaiures are promoted by the cumulative effects of topogrgphy
(channds are amdle), sdlar influence (many drain from north to south) and a higher
percentage of canopy with the ablity to offer solar deflection.  Acocording to Sullivan e
al. (1990) the mogt important factor in mantaining temperature in smal dreams is
canopy relaive to surface area and discharge. Gregter canopy cover reduces solar
influence and results in correponding decresse i temperatures and dally fluctuations
(Brown 1971). Temperdures in the mangems were higher in daly pesks, daly
fluctuations and overdl weekly average temperaures than the tributaries This was
expected Snce the surface area of the waer is gredter, thus, naturdly reducing the
abllity of the canopy to provide adeguate protection from solar input. Mandems ae
a0 influenced by a myriad of inter-acting factors which are contribute to higher
ingream thermd regimes then the smdler paennids

Riffles, while showing more daily fluctuaion then pod temperaures did not differ
gopreciably in overdl pesk weekly, or daly maximum, temperaures then those placed
in pools. However, it is dgnificat to note that the timing of HWAT differed by one to
three weeks from those temperatures found in pools and can possbly be explaned by
the time lag involved between ar temperaiures and thar subsequent effects on water
temperaiures.  Water temperature, in other words, gpparently lags behind seasond
patterns of solar redietion. Some research has shown tha potentid solar radiation
reeches a maximum in late June of eech year, ar and waer temperaures may not dtan
their maxima until one to three months later (ODEQ 1994). It was likdy, thet
indream habitats with dhdlow and dow-moving water heats more quickly then other
types of habitat (i.e pools, glides ec).

Interestingly, no gpparent differences occurred between podl/rifle MWAT or
podlfriffle HWAT, thus suggesing that pools eventudly reached the average
temperaures of the riffles and themd draification may be negligible These data may
conflict with Nidsen et al. (1994) who found thermd dratification between 39 ° C
from the surface of the water to the bottom of the poadl, in areas where thorough mixing
of the water was condrained. It is unknown if poodls in our 1995 monitoring effort
possessad dements which may have condraned mixing. A temperature drdification
Sudy in 1994 did not indicate dratificaion differences between riffle temperatures and
pool temperatures, dthough these data have not been thoroughly andyzed.




Conclusions

The 1995 ingream thermd regime data for the TMRW indicaie MWAT bdow the
threshold for Coho SAmon. Average temperatures over the long teem will be andyzed
to identify trends within the TMRW. Spedific onrgte additions to the in-dream
monitoring desgn will indude additiond placement of Hobo-Temps bdow the
confluence of NFT and CFT and bdow the Smith Cresk confluence on the maingem  of
ST. This will ad in the deemindion of mansem themd regimes. Furthermore
we will focus on expanding the placement of Hobo-Temps in riffles for 1996 in order
to determine if this year's results were an atifact of amdl sample Sze or an actud
phenomenon occurting ink TMRW.,

JA



AQUATIC VERTEBRATES

| ntroduction

In July of 1996, the Naiond Marine Fisheries Service will make its find decison
whether to lig Coho Samon (Oncorhynchus  Kisutch) as threatened under the Federa
Endangered Species Act. The events leading up to this decison have raised many
questions regarding the status of this species and reasons for its decline.  Thus, there
has been an increasng interest in north coast fisheries, paticularly since the lising of
the Coho Samon would have consegquences for land managers. Partialy in response to
this and in response to concerns about other watershed issues, Georgia-Pacific initiated
an aguatic vertebrate sampling program as a critical component of the grester TMRW
monitoring program. The god of this sudy is to esimate the presence, digtribution
and abundance of aguatic vertebrates in the watershed. The information contained
herein presents findings from a study in progress. As the amount of data accumulates
over the years, a more accurate image of the biotic community will emerge.

Methods

Aquatic Vertebrates were sampled a twenty five locations throughout al three
forks of the Ten Mile River (Figure 1). Each Ste was sampled within a week of last
year's sampling date for condgtency (Table 1). The section on overdl study design
discusses the sdlection and placement of these Stes.

A minimum gream reach of 30 meters was etablished for each dation, with the
limits defined by change in habitat type (i.e. pool, riffle or run). Sane nets of 4.5mm
mesh were placed across the stream a the boundaries of the sampling unit to prevent
emigration and immigration of vertebrates.

A Smith-Root Moddl 12 Backpack eectrofisher was used to stun dl specimens.
Field technicians began shocking a the downstream end of the unit and worked ther
way to the top. Moving from bottom to top hdped mantan vighility in the water and
aded detection and remova of stunned organisms. The completion of one shocking
attempt from the bottom seine net to the top condituted a single pass (Reynolds 1983).

In addition to the eectrofisher, two technicians collected dl stunned vertebrates
with dip nets and placed them in buckets containing stream water. These temporary
holding tanks were kept cool by placing them in the shade until the catch was processed
and released into an adjacent stream resch.  All specimens were collected under
Cdifornia Depatment of Fish and Game (CDF&G) scientific collection permits, #2221
and #1326.

After each pass, species were identified and the number of individuas recorded.
Fork length of al Sdmonids snout to vent length of al amphibians totd length of
Lampreys and total biomass of each species were also recorded.

The following habitat variadbles were dso noted:

1. Surface area. Stream widths were measured at three meter intervals aong
the sample reach. Stream depths were measured a the center of the stream
channd, left of center and right of center. They were taken a the same three
meter intervals as sream width. These data were used adong with population
estimates to calculate densties in fish per square meter.

2. Stream Flow. Flows were measured usng a Marsh-McBimey Flo-Mate
Modd 2000 flow meter.
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Figure 1. Electrcshing Monitoring Sites within the TMRW, 1995.
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3. Temperatures Ambient ar and water temperatures were taken usng hend
hdd Cddus themometes
4. SQubgrate compodtion. Visud ediméates of subgtrate compogtion of the
wetted channd were given as percat boulder, rubble, graved, sand, slit ad
day.
5. Percent canopy cover.
6. Sdmonid mortdities The number of sdmonid mortalities, water
condudtivity, voltage and hertz output were dl documented in an atempt to
monitor and reduce the mortdity typicaly assodaed with this sampling
method.

Data sheets were provided by CDF&G  (See FHgure 2).

A removd depletion drategy was employed to esimate populaions within the
sample unit. To edablish an adeguate regresson, a minimum of three passes a@ eech
dte was necessay (Brower et al. 1990). Sdmonid  populaions were cadculaed usng
the MicroFish 3.0 Populaion Edimaor (Van Deventer and Platts 1989). Other
vertebrate populaion esimates were equd to the combined catch of each spedes for Al
pases As mettioned previoudy, aguatic verteorate dengties were cdculated by
dividing the populaion esimaes by the dream surface area

In an atempt to evduae Ste conditions assodaed with Coho samon use,
comparisons were made between Coho dtes and non-Coho dtes  Stes were consdered
Coho dtes if known to be usad by this species in 1995 or if there was evidence of use
for more than one year prior to 1995. Criteria for use induded detection by
dectrofishing or gpawning obsavaions Records consulted were 1993- 1995 Georgia
Padific dectrofishing records CDF&G, Region 1 dectrofishing records collected by
Wendle Jones for the years 1983, 1989 and 1991; 1990-91 through 1991-92 spawning
aurvey resllts (Maahs 1993); and unpublished obsarvations regarding goawning activity
in 1995. Ste gedfic reaults for three different metrics were lumped into two
categories (Coho and non-Coho). The vaues of eech caegory were averaged and the
averages were compared using a sgnificance tes of 0.05 to determine differences. The
metrics tested included those for aguatic inverterates, subdrate compogtion and weater
temperature. This comparison encompassed dl monitoring gtes eectrofished  in 1995,

Two additiond metrics were compared in a Smilar way but they were from the
1995 GeorgiaPadfic habitat typing dudy. These merics did not correspond
soedificaly with dectrofishing Stes rather, they represented averages for ther
respective tributaries. The comparison was between Coho tributaries rather than Coho
gtes This redriction diminated many of the dtes from the compaison. The three
hebitat metrics were

1. % canopy. These vdues represented overdl average canopy cover for the
named tributary.

2. Pool Depth. These vdues were the average depth of al the measured pools
in that tributary

3. % LWD Pools These vaues described proportions of measured pools
formed due to the presence of large woody debris.

The ubiquitous presence of Stedhead Trout provided enough dendty vaues to
dlow corrdation andyses between Stedhead dendty and other Ste gpecific metrics
Fsh dendties were corrdated with aguatic invertebrate, subdrate compodtion and

o)
w



Electroshocking Data Sheet (1)

PERSONNEL
Drainage Stream Station Date
Shock Duration (seconds) Shocker Data % Bottom Type
Pass 1 Pass 2 Pass 3 | Type Volts Output Clay Silt Sand Gravel Rubble Boulder
o 1
Surface Area . Cover Type Rating Spawning
OlTTACE Object Undercut Overhang Habitat Est. % |Stn. % Temperature (C)
Pool Riffle Run Turb. Cover Banks Veg. Rating Flow Gnd. Llng Cnpy Air
% % % % % ‘ % % | |
Stream Widths, Meters {estimate undercut banks to nearest tenth)
3m 6m 9m 12m 15m 18m 21m 23m 27m 30m
Cross-Sectional Stream Depths (cm)
3m 6m 9m 12m 15m 18m 21m 23m 27m 30m
Mid
Left Bank 1/4
Right Bank 114
Stream Flow Measurements
Cell | Cell 2 Cell 3 Cell 4 Cell 5 Cell 6 Cell 7 Cell 8 Cell 9 Cell 10
Cell width ()
Cell depth (f)
Water Vvd. (flo)

Station Notes :

Note: For fish species that are to be measured in length only, please use Electroshock Data Sheet (2)!

Spec.

Pass Code

Fork Length (mm) and Weight (gm)

0. Biomass

Coll (gms)

Length

Wt

Length

wt

Length

Wt

Length

Wt

Length

FHgure 2. Hedrdfishing Daa Form, 1995.
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temperaure vaues. In addition, dtes were divided into two categories high-dengity
Stedhead Stes and Low-dengty Stedheed dtes. Average vaues for eech metric were
compared for ggnificat differences in precsdy the same manner as with the Coho
andyds

The citeion for high densty Stedhead Stes was a fish densty greater than 0.7
fisvm2 for more than one of the last three years (G-P dectrofishing records 1993-95).
The 0.7 f/m2 cutoff was arbitrary; however, it dlowed us to isolae those few dtes
having conadently higher Sedhead dengdties

Results

This year's agudic verteorale sampling in the TMRW begen on 8 Augugt 1995 ad
was completed on 3 1 October 1995 (Table 1). This schedule was intended to coincide
with the late summer peiod when juvenile sdmonid  populations are typicaly mos
dable (Meshan and Bjomn 1991).

Table 1. Aqudic Vetdaxae Sampling Stes within the TMRW.

Sampling Dae  Area Code Ste Name

950808 CFTI CFT a Reyndd's Gulch
950810 CFT3 Lower Bear Haven Cregk
950921 CFT5 Booth Guich

951025 CFT6 Little Bear Haven Cregk
951012 CFT7 Upper Bear Haven Creek
950811 CFT8 Upper CFT/Ford

951003 NFTI Patsy Creek

951002 NFT2 Bdd Hill Cresk

951023 NFT4 NFTaCamp3

950929 NFTS NFTatCamp5

950919 NFT6 Lower Little NFT
950919 NFT7 Buckhom Cresk

950927 NFT8 Upper Little NFT
950928 NFT9 NFT a Gulch Nine
950825 ST1 Lower Smith Cresk
950816 ST15 SFT a Big Ca Crossng
950825 SFT2 Lower Campbdl Creek
950905 T3 SFT a Brower's Gulch
950831 SFT4 Churchman Cresk
950817 SFT5 SFT a Buck Mathews
950824 SFT6 SFT a Camp 28

951031 S Lower Redwood Creek
950822 S18 East Branch Redwood Creek
951020 SFT9 Upper SFT

951017 TEN1 Mill Cresk

Two of the twenty five Stes yidded Coho Sdmon, Lower Smith Creek (SFT1) ad
Lower Campbdl Cresk (SFT2). One juvenile was found in Smith Cresk (0.01 f/m2)
and two were found in Campbd| Cresk (0.02 f/m2). The comparison between Coho



Table 2. Comparisons between dtes with and without Coho Samon presence. Highlighted

rows represent stes where Coho have been found for at least two years.

1995 Densities: |Aquatic  Invertebrates: Sediments: Stream Temps:
Area Site Name: Coho Salmon Red % EPT % Similarity % Fines Fredle Index HWAT
CFT1 CFT a Reynold's Guich 0 56.9 96.2 17 2.9 16.4
CFT2 CFT a Little Bear Haven 39.8 73.3 16.5 2.6 17.4
CFT3 Lower Bear Haven 0 80.9 102.2 18.3 1.5 14.7
CFT4 Lower CFT 73.9 108.2 20.9 1.5 16.7
CFT5S Booth Gulch 0 22.2 1.4 14.6
CFT6 Little Bear Haven 0 81.6 81.9 19.5 1.5 14.1
CFT7 Upper Bear Haven 0 85.2 101.7 13.7
CFT8 Upper CFT/Ford 0 77.4 116.5 14.3
NFTI Below Patsy Ck. 0 45.4 78.0 20.7 1.5 17.6
NFT11 NFT Property Line
NFT2 Bald Hill Creek 0 58.9 83.8 16.2 3.9 15.2
NFT3 NFT Below O'Conner Gulch 50.9 88.5 16.9
NFT4 NFT at Camp 3 0 66.2 87.7 17.1
NFT5 NFT at Camp 5 0 81.3 95.1 20.9 1.5 17.6
NFT6 Lower Little NFT 0 82.8 101.9 18.4 1.5 14.8
NFT7 Buckhom Creek 0 70.5 80.3 23.7 1.3 13.5
NFT8 . Upper Little NFT , 0 74.3 89.9 . 14.3
NFT9 NFT a Guich 9 0 63.1 ' 83.9 25.7 1.2 17.1
NFT10 Patsy Creek 27.7 1.7
SFT1 Lower Smith Creek 0.01 70.4 96.5 14.7 2.1 15.2
SFT11 Gulch 11 53.8 70.2
ST12 SFT Above Gulch 11 16.5
SFT2 Lower Campbell Cresk 0.02 76.8 , 97.6 231 1.2 15.5
SFT3 ST a Brower's Guich 0 36.6 ' 66.1 " 165 22 16.9
ST4 Churchman  Creek 0 15.8 14
ST15 ST a Buck Mathews 0 45.4 88.2 16.6 2.4 17.7
SFT6 SFT at Camp 28 0 46.2 78.6 18.4 29 17.3
SFT7  Lower Redwood Creek 0 77.4 94.8 15.9
SFT8  East Branch Redwood Creek 0 83.5 82.6 19.5 1.6 15.6
19 Upper SFT 59.8 83.8 13.4 5.5 15.2
SFT16 SFT at Big Cat Crossing
TEN1 Mill  Creek 0 50.0 83.0 22.6 1.2 134
Coho Average: 75.6 96.6 18.7 1.6 14.9
Non-Coho  Average: 64.9 88.0 19.2 2.1 15.7
P-Values: 0.053 0.06 NA NA 0.082 <P< .0139




and non-Coho dtes using other metrics (Table 2 and Figure 3) falled to show
sgnificant differences in the averages (usng a 05 leve of dgnificance). However, the
aquatic invertebrate metrics %EPT and overdl % smilarity were close with 053 and
059 P-vaues respectively. In contrast, Coho/habitat comparisons (Table 3 and Figure
3) did show a dgnificant association (P-vaue of 0.020) between Coho stes and
occurrence of pools formed by large woody debris (% LWD).

Table 3. Habitat comparisons between tributaries with and without Coho Salmon
presence. Highlighted rows represent Coho tributaries.
Physcd Parameters

Area: Site Name: % Canopy Pool Depth (ft.) % LWD Pools
CFT Lower Bear Haven 89 2.03 39
CFT Booth Gulch 91 2.15 1
CFT Little Bear Haven 91 2.00 6

87 1.97 16

1.64
1.93

Churchmaiﬂi“ Creel‘c.i -

Redwood Creek
Mill Creek
Coho Average: 86.3 2.0 46.0
Non-Coho Average: 89.9 1.9 18.8
P-Values: NA .283 .020
100.0
900 ¢
80.0 B Coho Sites
g 700+ O non-Coho Sites
§ 600
g 500 ¢
8 400}
g2 3001¢
< 200}
I
00 4 L
% %Fines Fredle HWAT %Canopy Pool LWD
Similarity Index Depth Pools
Metrics

Figure 3. Comparison of average vaues for various metrics to test for differences
between Coho and non-Coho sites.

Stedhead Trout were found in dl 25 dtes. Their dengties ranged from 1.74 f/m2
at Camp 28 (SFT6) to 0.04 f/m2 at Camp 5 (NFT5). Correlation anaysis between



Table 4. Corrdations between Steelhead Trout densties and other watershed metrics.
Highlighted (***) rows represent Stes with high dengties for a least two of the last three

years..
1995 Densities: Aquatic  invertebrates: Sediments: Stream Temps:
Area Site Name: Steelhead Trout Red % EPT % Similarity % Fines Fredle Index HWAT
***CFT1 CFT at Reynold's Gulch 0.78 56.9 96.2 17 29 16.4
CFT2 CFT at Little Bear Haven 39.8 73.3 16.5 2.6 17.4
***CFT3 Lower Bear Haven 0.61 80.9 102.2 18.3 1.5 14.7
CFT4 Lower CFT 73.9 108.2 20.9 1.5 16.7
CFT5 Booth Guich 0.74 22.2 1.4 14.6
CFT6 Little Bear Haven 0.36 81.6 81.9 19.5 1.5 14.1
CFT7 Upper Bear Haven 0.71 85.2 101.7 13.7
CFT8 Upper CFT/Ford 0.28 77.4 116.5 143
NFT1 NFT Below Patsy Ck. 0.58 45.4 78.0 20.7 1.5 17.6
NFT11 NFT Property Line
NFT2 Bald Hill Creek 0.53 58.9 83.8 16.2 3.9 15.2
NFT3 NFT Below O’ Conner 50.9 88.5 16.9
Gulch
NFT4 NFT at Camp 3 0.12 66.2 87.7 17.1
NFT5 NFT at Camp 5 0.04 81.3 95.1 20.9 1.5 17.6
NFT6 Lower Little NFT 0.57 82.8 101.9 18.4 15 14.8
*** NFT7 Buckhorn Creek 0.75 70.5 80.3 23.7 1.3 13.5
NFT8 Upper Little NFT 0.85 74.3 89.9 14.3
NFT9 NFT at Guich 9 1.63 63.1 83.9 25.7 1.2 17.1
NFT10 Patsy Creek 27.7 1.7
SFT1 Lower Smith Creek 0.36 70.4 96.5 14.7 21 15.2
SFT11 Gulch 11 53.8 70.2
SFT12 SFT Above Guich 11 16.5
SFT2 Lower Campbell Creek 0.74 76.8 97.6 231 1.2 15.5
SFT3 SFT a Brower's Gulch 0.19 36.6 66.1 16.5 2.2 16.9
SFT4 Churchman  Creek 0.37 15.8 14
S5 SFT at Buck Mathews 0.57 45.4 88.2 16.6 2.4 17.7
***SFET6 _ SFT at Camp 28 1.74 46.2 78.6 18.4 2.9 17.3
***SET7 Lower Redwood Creek . 0.77 77.4 94.8 159
SFT8 East Branch Redwood 0.25 83.5 82.6 19.5 1.6 15.6
Creek
SFT9 Upper SFT 0.34 59.8 83.8 13.4 55 15.2
SFT16 SFT at Big Cat Crossing 0.39
TEN1 Mill  Creek 0.38 50.0 83.0 22.6 1.2 134
Correlations: -0.18 -0.11 0.38 -0.03 0.13
Averages:
Hi-density Site: 66.4 90.4 19.4 2.2 15.6
Low-density Site: 67.0 89.3 19.1 2.0 15.6

P-Values:




Stedhead dendties and other metrics and comparison of averages reveaed no
associations (Table 4 and Figure 4). There was no clear trend in dengties from year to
year (Table 5); rather, results were characterized by tremendous variation (Figure 6).

W Hi-density Site:
O Lo-density Site:

Average V alies

%Similarity %Fines Fredie [ndex HWAT

Metrics

Figure 4. Comparison of average vaues for various metrics to test for differences
between high-density and low-dendty Steelhead Trout Sites.

Georgia-Pacific issued permits to dlow fishing in its dreams from January through
March of 1995. Twenty-four percent of permit recipients returned the fishing report as
requested of them when the permit was issued. Forty-five percent of those who
returned the report caught no fish. Seventy-nine adult Steelhead were reported to be
caught in the TMRW. The average weight for maes was 3.4 kg. The average weight
for femades was 3.9 kg. See Figure 5 for weight digtributions.

18 2.3 2.7 3.2 3.6 4.1 4.5 5.0 5.4 6.4
WEIGHT IN KILOGRAMS

Figure 5. Didribution of Steehead Trout weights from gsportfishing caiches in the
TMRW, 1995.

The number of species detected per dectrofishing Ste ranged from eght to two.
Figure 7 shows species richness for each dte, grouped by drainage. There were a totd



Table 5. Comparison of Steelhead Trout dendties from 1993 to 1995.

FISH/M2
Site Name 1993 1994 1995 2 Year Ave. Std. Dev. Difference
Booth Gulch 0.45 0.13 0,74 0.29 031 0.45
Little Bear Haven 0.28 0.4 0.36 0.34 0.06 0.02
Lower Bear Haven 0.83 1.2 0.61 1.02 0.30 -041
CFT at Reynold’ sGulch 0.74 0.44 0.78 0.59 0.19 0.19
Upper CFT/Ford 0.2 0.15 0.28 0.18 0.07 011
Upper Bear Haven 0.48 0.58 071 0.53 0.12 0.18
Bdd Hill Creek 0.48 0.47 0.53 0.48 0.03 0.06
Buckhorn Creek 0.5 0.72 0.75 0.61 0.14 0.14
NFT at Camp 3 0.36 0.99 0.12 0.68 0.45 -056
NFT a Camp 5 0.39 0.6 0.04 0.50 0.28 -0.46
NFT at Gulch 9 0.32 0.64 1.63 0.48 0.68 115
Lower Little NFT 0 15 0.57 150 0.00 -0.93
NFT Below Patsy Creek 0.45 0.47 0.58 0.46 0.07 0.12
Upper Little NFT 0.38 0 085 0.19 0.43 0.66
SFT at Big Cat Crossing 0.32 0.92 0.39 0.62 0.33 -023
SFT at Brower’ s Guich 0.08 0.66 0.19 0.37 031 -0.18
SFT at Buck Mathews 023 0.83 0.57 0.53 0.30 0.04
SFT a Camp 28 0.85 2.3 174 158 0.73 0.17
Churchman Creek 0.42 12 0.37 081 0.47 -0.44
East Branch Redwood Ck. 0.25 0.7 0.25 0.48 0.26 -023
Lower Campbell Ck. 0.3 061 0.74 0.46 0.23 0.29
Lower Redwood Ck. 0 0.89 0.77 0.89 0.00 012
Lower Smith Creek 0.53 0.67 0.36 0.60 0.16 -0.24
Upper SFT 0.17 0.35 0.34 0.26 0.10 0.08
Mill Creek 0.32 0.32 0.38 0.32 0.03 0.06
Average Difference: 0.00
25
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of twdve spedes identified during our sampling effort in the TMRW. Table 6 shows a
lig of those gpedes and the number of sampling Stes where they were found.

Number of Species
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Fgure 7. Number of aguatic vertebraie species per dte based on 1995 dectrofishing

reaults in the TMRW.

Table 6. Reaulting lig of Spedes from the TMRW aguatic vetebrate survey.

Common Name Scientific Name: # of Sites:
Coho Sdmon Oncorhynchus  kisutch 2
Sedhead Trout Onchrhynchus mykiss 25
Three-Spined  Stickleback Gasterosteus  aculeatus 13
Coedrange Sculpin Cottus aleuticus 12
Prickly Sculpin Cottusasper 15
Lamprey Lampetra spp. 12
Padfic Giant Sdamander Dicamptodon ensatus 24
Rough-Skinned Newt Taricha granulosa 6
Red-Bdlied Newt Taricha rivularis 2
Cdifornia Newt Taricha torosa 1
Ydlow-Legged Frog Rana boylii 1
Taled Frog Ascaphus truei 4

It is important to underdand that these 12 species are those detected by this particular

survey method and not the tota number of pedies that are known to occur in the
watershed. Appendix A shows spedes and densties presented in a dSte by dte format.

The Foothill Ydlow-Legged Frog was found & 11 Stes and primarily in mainstem
locations with typicdly less canopy cover and more extensive gravel beds Sghtings of
this gpedies were quite numerous throughout the watershed in addition to the 11 survey
detections.

Tailed Frogs were found a four Stes but were guite uncommon.  They were
typicdly found as tadpoles in shdlow riffles In addition to decirofihing surveys
GeorgiaPadific conducted intensve surveys in 1994 and 1995 within a 50 meter
reech on a Class Two tributary (Fox Gulch of CFT). In 1994 18 tadpoles were found



within the dudy reach. In 1995 23 tadpoles and one adult were found. Georgia
Pedfic will continue to monitor this Ste

The presence of saulpins within sample Stes reveded an interesting pattern.  There
was a tendency for both Prickly Sculpin and Coadrange Sculpin to be found together.
There were no Stes where Coadrange Sculpin were found done and only three of 15
gtes where Prickly Sculpin occurred without Coagtrange Sculpin.

Lamprey of two morphologica Stages were encountered, ammocoetes and those in
the macropthdmia dage. The later was a trangtiond condition between the
ammocoete and adult morphologies in which the eyes were proportionatdy larger, the
dructure of the gill openings and mouth were different and the overdl body color
changed from brown to gray. These two morphologies did not represent didinct
goecies. Spedes differentidtion of ammocoetes is based primaily on myomere counts
and other more quditative factors (Hopkirk Pers. comm.). Three species are known to
occur in this arear the Padific Lamprey (Lampetra tridentata); the River Lamprey
(Lampetra ayresi); and the Western Brook Lamprey (Lampetra richardsoni). Lamprey
were nat identified to gpedes in this Sudy.

Discussion

The god of this monitoring plan was to esimae didribution and abundance of
aguatic verteorate populaions from year to year by sampling the watershed in
representative  locations. The 1995 results are an early messure in a long term
monitoring effort which may, in time, reved trends in aundance and didribution.
Although it may be far to judge the current conditions based on our reaults thus far it
IS premature to sy anything condudve about population trends The responses of
sdmonid populations, whether to terredrid, oceanic or dimatic changes, may be
caried through severd life cydes, each of which averages three years for Coho
Sdmon (Bryat 1995). Abundances in one year are nat directly rdated to the next, but
to every fourth year. This highlights the nead for long term monitoring and limits
condugons pataning to shot teem vaidions in fish dendties

Nonethdess, it is goparent the Coho Sdmon populaion in this region is depressed
even from the 1960's levd (Bums 1972; Vdentine 1994). Georgia-Padific recognizes
the need for restoraion efforts in order to consarve this resource

With 0 few deections of Coho in the TMRW, it is difficult to condude much
other than few juvenile Coho are rearing in the aress we sampled. However, Coho use
Is not necessaxily limited to the two dtes where they were found in 1995 (Lower Smith
Creek and Lower Campbdl Cresk). Hatchery trgpping efforts for the 1994-95
oavning Seeson demongtrate spawning activity in other arees (unpubl.). Ten juvenile
Coho were do trgoped coming out of the South Fork Ten Mile River in 1995 by the
outmigrant trgoping effarts of the SAmon Trollers Marketing Asoc. Inc. (Maahs
1995). The exact tributary of origin canot, of course be determined. Additiondly,
when Coho fry emerge from ther spawvning graveds they disperse both upstream and
downgream and resde in suiteble rearing habitats (Meshan and Bjomn 1991). This
may reult, paticulaly for smdl populations in an uneven didribution throughout the
dream reaches. This complicates the issue of obtaining a representative sample.
Idedly, sampling dtes should be esablished in aress of suitable hebitat as determined
by hebitat typing andyss (Overton pers. comm.). GeorgiaPecific biologigs are



participating in discussons through forums such as the Fish, Farm and Forest
Communities Technicd Committee and the NMFS coastd samon sampling
methodology workshop in order to implement more accurate and standardized
methods.

Stedhead Trout, unlike Coho Samon, remain widespread in the TMRW. To the
degree that juvenile samonid populations are determined by instream conditions, the
difference in didtribution and abundance between Coho and Stedhead indicates
pronounced differences in survivability in response to the habitat conditions in the
TMRW. This differentid ecologica tolerance in favor of Stedhead is likey due to
differences in the life higtory traits of the two species (Thorpe 1994). Steedhead Trout
appear to be habitat generdists whereas Coho Samon are less so.

Conclusions about trends for Steelhead populations are subject to Smilar
limitations dready discussed in reference to Coho populations. In addition, our data
for Steelhead dengties throughout the watershed in the last three years indicate that no
trend is, as yet, discernible (Figure 5). Some Stes show dramatic increases, others
have decreased and some appear dtable, indicating a high degree of variability within
and between Stes. Nonetheless, we compared this year's results with the average for
the previous two years and found no overdl sgnificant difference in the Stedhead
Trout population (Table 5).

Because the physica conditions of streams influence presence, dengty and surviva
of sdmonids, sream parameters were compared to determine if there were sgnificant
differences between those sites used by Coho Samon and those where there is no
evidence of recent use (Tables 2 and 3). Interestingly, the only parameter showing a
strong associaion with Coho use was the occurrence of pools formed by large woody
debris (LWD). This observation indicated the importance of LWD in streams. LWD
in the form of rootmasses and windfdl trees are known to provide shelter and
protection for juvenile samonids (Shirvel 1989; Meehan and Bjomn 1991).
Furthermore, it is known that interactive segregation occurs between Coho and
Steelhead with the result that Coho occupy pools and tend to displace Steelhead
(Meehan and Bjomn 1991). Since Coho are likely to occupy this habitat type, it is not
suprising to find that Coho Stes occur in streams with a high incidence of pools
containing LWD.

High vaues from metrics in the aguatic invertebrate sudy aso showed some
asociation with Coho gtes, athough not to the .05 level of dgnificance. As described
in the invertebrate section, % EPT and overdl % smilarity are measures of epibenthic
fauna and its response to water pollution (sedimentation in this case) (Waters 1995).

As such, it is indirectly related to sdmonid abundance. As with streambed

composition, invertebrate metrics related more to spawning conditions than to rearing
habitat. It is unlikely the association is related to invertebrates as a food source because
samonids feed preferentidly on ingream invertebrates (i.e. those drifting in the weater
column) (Meehan and Bjomn 1991).

Stream parameters were also compared as they relate to Steelhead dendties. The
results indicated no sgnificant corrdation with Stedhead density (Table 4), meaning,
site conditions tested gppeared to have no bearing on Stedlhead. Of course that is not
the only possble explandion. The distinction between a high densty Ste and a low
densty Ste was somewhat arbitrary. From Figure 5, there was no obvious bresk in the



digribution of dengty vaues. Therefore the criteria for groups may have been too
atifidd to reflet any red differences There may dso have been some oveariding
factor or combination of factors nat teken into account that may have obscured
influences of the merics However, the perception of Stedhead as habitat generdids
does seem to be supported by this andydss

There ae vad other fisheries rdated adtivities occurring within the TMRW
worthy of note Sdmon Trollers Marketing Asoc. Inc. has conducted spawning
aurveys for the winters of 199091 and 1991-92. Contained in ther report were
complete accounts of pawning records for those years: A 1995-96 survey is in
progress, but results are not yet avalable This same group hes dso completed an
outmigrant sudy in 1995. They are tentatively planning to repest the dudy for 1996
(Maahs 1995).

Another fisheries adtivity in the TMRW s the fish hetchery operated by the
Sdmon Redoraion Assodaion snce 1989. Native Stedhead have been rased and
successully rdeasad gnce 1990. Attempts to rase Coho Sdmon have had mixed
results Smdl numbers were rdeased from 1992 through 1994. In 1995 becterid
kidney dissese (BKD) was detected and dl sdmon eggsffry were subseguently
destroyed. Trapping dations on SFT and Bear Haven Creek have been operaied for the
lest three years and were the source for dl Coho Sdmon in the hatchery (Ed Moore
Pers  Comm.).

It should be noted that the NMFS Staius Review of Coho Samon from
Waghington, Oregon, and Cdifornia incorporated into its evduation informetion daing
thet the Coho Sdmon in the TMRW are the only netive fish, lacking a higory of
upplementaion with non-native hatchery socks in the Centrd Cdifornia Coast ESU
(Wetkamp et al. 1995). The satement gopears on pages 107-109 in the section titled
Andyses of Extinction Risk by ESU and is atributed to an edimate of spavning
escgpements by Brown and Moyle (1994). However, the spawvning survey report by
Sdmon Trollers Maketing Assoc. Inc. dearly describes the annud rdease of up to
200,000 Coho Sdmon from the years 1974 to 1977 into the Ten Mile River. These
sdmon originated from gtocks in Oregon (Maahs 1995; Taylor 1978).

GeorgiaPadific's agudic vertebrate sampling effort has and will continue to be of
tremendous vaue in undardanding the daus of the biotic community in this important
watershed.

DH



AQOUATIC MACROINVERTEBRATE RAPID BIOASSESSMENT

Introduction

As pat of GeorgiaPadfics TMRW monitoring plan, a macroinvertebrate study
was initiged in an effort to assess waer qudity. Aquaic mecroinvertebrates are
conddered by some experts to be a superior monitoring tool due to their abundance,
sdentary nature, short life cyde and sendtivity to change (EPA 1991). A form of
aguatic mecroinvertdorate sampling known as Rapid Bioassessment (RBA) has recaved
much research and review in pats of the United States (Hilsenhoff 1988, Rafkin & 4.
1989, Lenat and Barbour 1994). However, Cdifornia is in the prdiminay dages of
usng RBA as a monitaring tool and predictable patterns of the effects of timber harvest
have not yat been edablished. GeorgiaPadific's 1995 RBA is bresking new ground by
udng this technique in an effort to provide basdine data for qudity and trends within
the aguatic community.

Fiedd Methods

Twenty-saven RBA dtes were chosen in the TMRW (Fgure 1) based on two
criteria The fird was proximity to spedfic monitoring locations GeorgiaPadific
monitors temperature, Sream subdrate compostion and agqueic vertebrates each
summerffdl as pat of its long tam monitoring plan. All RBA gtes (exduding CFTM
#3) were locaed in riffles adjacent to these monitoring dations They were sampled
prior to other monitoring activities to ensure that other monitoring activities did not
afect the collecting of insects The ssoond criterion was the even didribution of dtes
throughout the TMRW. We atempted to didribute gtes throughout the watershed in
an dfort to sample many different habitat types.

For comparison, three reference Stes were chosen (Figures 2a and 2b).
Montgomery Cresk (two gtes) runs through Montgomery Woods Stiate Resarve located
in centrd Mendocino County. Elder Creek (one dte) is pat of the Nature Conservancy
holdings in northen Mendoano County. These reference dtes were conddered to be
rdaivedy uninfluenced by timber harvest adtivities and represant the “bet attanable’
condition.

Macroinvertdorate sampling for reference and TMRW gtes was conducted by
GeorgiaPadfic gaff from 12 June to 8 Augudt, 1995 (Table 1). All dtes were
sampled according to Cdifornia Depatment of Fsh and Gameés_Cdifornia Stream
Bioasssessment Procedure outlined by Harrington (1995). At each dte, three random
transects were chosen perpendicular to the riffle Beginning with the downdream
transect, mecroinvertebrates were collected at three locations usng a D-shaped kick
net. The three locations were near the left and right banks and a the center of the
dream (Fgure 3). The contents of the net were then placed in a labded jar containing
an agueous olution of 70 % ethanol. This process was repeated for each transect
resulting in three transect jars (or samples) per RBA ste

Laboratory Methods
Contents of transect jars were rinsed through a sandard tedting Seve sze 35 (05
mm) and evenly didributed in a tray with numbered grids Usng a 4X megnifying




glass and forogps, a totd of 300 macroinverterates were removed from randomly
chosen grids and placed in a labded vid containing an agueous solution of 70%
ethanal. In some cases, it was necessary to use dAl grids for transect jars with less than
300 mecroinverterates. For identification, the subsample vids were emptied into petri
dishes and viewed under dissecting sterensoopes with 10X to 45X megnification.
Macroinverterates were identified to the family levd (when possble) usng taxonomic
keys from Merritt and Cummins (1984) and Thorp and Covich (199 1).

Data Analysis

Data andyss was initiated by grouping the three subsamples from each RBA gte
into a Ingle sample. Five metrics described by Platkin et d. (1989) and Lenat ad
Barbour (1994) were chosen to quantify the data The five merics were Family
Biatic Index (FBI), Taxa Richness (Family Richness), Ephemeroptera-Plecoptera-
Trichoptera (EPT) Richness %EPT, and %Chironomidee. TMRW gtes were
evduated for individud metrics by cdaulding thar percent amilaity to the reference
gte median. In turn, those individud percent amilaities were averaged to give an
overdl asessment.

For individud metrics and overdl assessment, evaudaion of TMRW gtes was based
on percent Smilarity to the reference Ste median vadue and results in a dassfication of
impaired or not impared. Two threshdlds for dassfication have been discussed in the
literature. Plafkin e d. (1989) suggeded if a gte is less than 83 % dmilar to the
reference median, the ste is conddered impaired. Hanneford and Resh (1995))
however, recommended a 65 % threshold to dlow for naturd variadility. To account
for varidbility within the reference dtes and to address the physiographic differences
between TMRW dtes and reference dtes, the 65 % threshold seemed most gppropriate
(Resh, pers comm. 1995). Therefore, Stes sooring less than 65 % dmilar to the
reference median were consdered impaired and gtes above 65 % were congdered not
impaired.

ResultsGeneral

A totd of 15972 inscts were identified to Family. A lig of the 57 aguatic insect
families and the 6 norHinsect groups identified within the TMRW ae lided in Table 2
Sample gzes for the TMRW dtes ranged from 115 macroinvertebrates to 9,208
(edimated totd) with a median sample gze of 6315 (Table 1). Twenty-one of the
TMRW dtes (77.7%) averaged less than 900 mecroinvertebrates for the dte (not the
subsample). Reference dte samples ranged from 439 to 1,670 (edimated)
mecroinvertebrates with a median sample sze of 1,403 meacroinverterates

Median reference Ste vaues for FBI, Taxa Richness EPT Richness, % EPT and
%Chironomidee were 2.65, 28, 17, 63.2 and 5.6 repectively. Table 1 shows each of
the TMRW and reference Stes with thar metric vaues

Results-Overall Assessment
No dtes showed imparment when dl merics (exduding %Chironomidee) were
cdcuaed cumulaivdy to give an average percent dmilarity to the reference median




(Grgph 1). The meric %Chironomidee was not conddered in the cumulaive meric
as=3ment due to high vanability which will be discussed later.

Results-Individual  Metrics

Twenty-9x gtes (96.3%) showed no imparment usng the FBI metric. One gte
(3.7%), CFTM3, showed imparment (Graph 2). The FBI melric is unique because it
IS possble to give an assesament of the Ste without having a reference Ste. Hilsenhoff
(1988) developed organic pallution tolerance vdues (O-10) for different aguatic insect
families that enables Stes to be dassfied from excdlent to very poor (0-10).

Reference stes ranged from 2.40-350, while TMRW gtes ranged from 2.26-4.39.
Table 3 shows the vdues for the corresponding water quaity conditions from
Hilsenhoff (1988). Of the 27 Stes sampled, 86.7% of TMRW dtes were consdered
excdlent, 10 % were conddered very good and 3.3 % were considered good.

Usng the Taxa Richness mdric, 25 of the dtes (92.6%) showed no imparment.
Two stes RCl and SFTM 1 showed imparment (Graph 3).  Twenty-two Stes (81.5 %)
showed no imparment usng the EPT Richness metric. FHve gtes (185 %), BKHNI,
RC2, SFTMI, SFTM4 and LBHI did show imparment (Graph 4). Usng the %EPT
metric, 25 gtes (926 %) showed no imparment. Imparment wes cdculaed for two
gtes (7.4 %). SFTMI and CFTM2 (Grgph 5).

Though %Chironomidee was not used for the overdl assessment, eght Stes
(206%) showed imparment usng this metric: BHI, BKHNI, MILLI, SFTM2,
SFTM3, CFTM25, CFTM3, ELDRI. Seventeen stes (63.0%) showed no
impairment usng the % Chironomidee metric.

Discussion

Although none of the Stes showed imparment with the overdl ass=ssment, there
were dtes within individud metrics that showed imparment. Andyds of how each
metric detects impairmeant, dong with fidd invedigaion, is needed to evduae thee
impaired dtes.

Imparment indicated by the metrics %EPT and EPT Richness may be the most
important indicators of imparment. Macroinvertebrates within these three orders ae
congdered to be the mogt sengtive to pollution (Platkin & d. 1989). North Cardlina
biologigs found EPT Richness to be the mog rdidble indicator of imparment and more
sengtive to water qudity changes than ample taxa richness (Lenat and Barbour  1994).
EPT impared dtes may indicate low amounts of pedble and cobble subdrate andlor a
loss of interditid space. Macroinverteorates within the EPT orders inhabit the surface
of gones and the interdtitid pace between cobbles and pebbles (Waters 1995, Erman
and Erman 1984). A comparison between EPT and percent fines from the 1995
patide sze didribution sudy reveded nonrsgnificant (p > 0.05) corrdation (r =0.27).

An increeze in the taxa richness metric may not reflect an increase in water qudity.
A ste with poor water qudity conditions may have supported high numbers of
pollution tolerant families such as Chironomidee The two TMRW gtes (RC2 ad
SFTMI) showed imparment for this metric and EPT Richness suggeding poor
conditions for sengtive families (EPT).



The FBI melric was desgned to assess water qudity with regard to organic
pollution in Wisconan (Hilsenhoff 1988). Ratkin & d. (1989) suggested regiond
modification of FBI may be necessry and its adlity to detect non-organic pollution hes
not been thoroughly evduated. However, the FBI metric is good a evduding the
overd| tolerance of macroinvertebrates to a disurbance (Resh pers. comm.  1995).
Imparment in the FBI metric for CFTM3 was possibly due to upstream grazing which
could be a source of organic enrichment. The highes %Chironomidee was dso found
a this gte. High numbes of Chironomidee have been assodaed with finepatide
subdrates (Erman and Erman 1984) and evdudion of the sediment data for this area is
needed.

Metrics involving %Chironomidee (and totd number of Chironomidae) were not
usd to evdude Stes for two reasons. One, to accomplish the RBA within a
reesonable amount of time, ddegation of the subsampling (three people) and identifying
(two people) was divided among five personnd. Though the subsampling was
dandardized, some people were better a potting chironomids than others Vaues for
%Chironomidae and percent amilarities between the reference gte (Table 1) indicated
that %Chironomidee resllts were highly varidde induding a reference gte (ELDRI)
tha showed imparmet. Secondly, due to the sengtivity of ratios to amdl changes
the metrics EPT/Chironomidae abundance ratio and EPT/ (Chironomidee + EPT) were
not evaduated. However, information gained from %Chironomidee can be inferred
from data for %EPT. By cdculding a lineer corrdaion between vaues for
%Chironomidae and %EPT, a negative corrdaion was found (r = -.45). Therefore,
gtes with low %EPT can be asodated with dtes high in %Chironomidee

The merics % Contribution of Dominat Taxa, Community Smilaity Index,
Diversty Index and Functiond Feeding Groups were dso not used in the daa andyds
Ree (1995) found the % Contribution of Dominant Taxa head the highes vaiability of
al metrics usad to assess water qudity within logged waersheds. Diversty indices
may be hdpful to andyze RBA's however, they seem more gopropriate for andyss
down to the genus or species levd. Lena and Barbour (1994) caution when usng
merics for Community Smilarity Indices and Functiond Feeding Groups in besnwide
dudies

Conclusion

Prdiminary results of 1995 RBA indicate a hedthy compogtion of
mecroinvertebrates within the TMRW. However, caution mus be exerdssd in
interpreting these results for only one year of data The GeorgiaPeadific 1995 RBA
will be most useful as besdine daa for longterm monitoring within the TMRW. Usng
information from dream sediment samples and continuous temperature dations in the
TMRW, it may be possble to devdop a metric to address possible effects of timber
haves adtivities on macroinverterates in the redwood bioregion.

Research  Needed

Asuring a sample of 300 macroinvertebrates/transect (900/site)  is an issue thet
needs to be daified in the current protocal. A subsample of 300 macroinvertebrates
can not be achieved a each transett if the collector maintains equd effort between




gtes If equd efort is saoificed, then any merics invalving biomess or rdative
abundance become invaid. Metrics invalving rdaive aoundance, biomess, and totd
number of individuds have been suggesed in the literature by Platkin et d. (1989),
Rosenberg and Resh (1993), Harrington (1995). Sampling more reference Stes and
identifying mecroinverteorates to the generic levd may provide a finer resolution for
dassfying impared gtes

An esablished time period for sampling should dso be addressed in the protocal to
diminge a possble source of vaidion. Potentid database reference gtes and

monitoring Stes nead to be callected within this established time period for reaults to be
both vaid and comparadle.

JD&DL



IMPROVEMENTS, RESTORATION AND ENHANCEMENT

[ntroduction

Throughout the Pacific Northwest higtoric harvest activities resulted in streams being
utilized as the transportation zone for duice dams, bull teams, tractors and other heavy
equipment. Eventudly these methods and practices came to an end with the development
of new technologies, increased awareness of the impacts of such activities and legidation.
The impacts of these anthropogenic influences resulted in the degradation of aguetic
habitat in watersheds throughout the western United States. Aggradation, sedimentation,
increased temperatures, loss of LWD (and so on), cumulatively impacted stream
conditions. As time passed, improved land management practices sgnificantly reduced
additiona inputs to the aquatic sysem (Appendix 1). Resultingly, most streams are
undergoing a period of recovery and vast efforts are currently being directed to enhance
and restore these streams back to a more natura condition.

The monitoring informeation, contained within this report, will ultimately drive
restoration, enhancement and management practices. Thus, increasing our effectiveness in
the areas of greatest need while increasing our efficiency for cost and effort.  Although the
ultimate purpose of this plan is to evduate trends over-time, basdine data must be
edtablished in order to evauate insream conditions of the TMRW. Mog of the
information contained herein, and from previous monitoring efforts, can only be
conddered basdine data; nonetheess, some generd inferences can be made regarding
restoration. Information collected from previous monitoring years has dready facilitated
direct corrective measures in the TMRW. For example, sediment sampling has provided
the impetus for corrective work directed a reducing potentia sediment inputs (i.e.
upgrading roads and culverts).

Results

Reaults from the 1994 TMRW particle-size digtribution study indicated percent finer in
the NFT exceeded 20%. Georgia-Pacific’'s percent fine threshold of concern is 20%
(<0.85 mm), a wel edablished criterion aove which dgnificant mortdity of embryos
could be expected (Waters, 1995). Subsequently, corrective measures were implemented
in 1995 to ultimately reduce percent finer materia the North Fork (See 27 January 1995
Memorandum, Appendix 2). In addition, severd stream enhancement and mitigation
proposas (Appendix 2) were adso implemented.

Severd types of enhancement efforts have been accomplished to date, in NFT, which
focused on reducing sediment input and increasing fish habitat. Efforts to reduce sediment
input into the stream system has included the upgrading of roads and culverts, proposed
closng of faling roads over the next ten years, and bridge inddlations (Appendix 3). In
addition, waterbars have been placed at a frequency exceeding those required by the
Standard Cdlifornia Forest Practice Rules. Whole mulching and st barriers are dso being
used for sediment reduction. Efforts to enhance fish habitat and extend anadromy has
included bridge ingdlation (Figure 1 and Appendix 4) and proposed jump pool
condruction (Appendix 2).



GeorgaPadfic remans very adive in mantaining and upgrading roads and
culvets within the entire TMRW (Appendix 5). Road mantenance is crudd because
poorly condructed or maintained roads can increese eroson and consequently
sdimentation (Meghan 1987). Waters (1995) daed excess sediment generdion is
grestest by far from logging roads paticulaly if built neer dreams Thus road
maintenance will be conddered under dream resoraion Snce it is cudd to the
presarvation of a hedthy instream  ecosysem.

Rocking is one of the mog effective sediment contrals for logging roads
Borroughs et d. (1989) daed rocking reduced eroson between 70% with a 15 cm lift
to 97 % with a 20 cm lift on forested roads.  Many km of roads were rocked in the
North Fork in 1995 as a method of sediment control. A totd of 9.3 km of roads were
newly rocked a a cog of $174,500.00 and 5.63 km of road were re-rocked a a cost of
20,300.00. In Clark Fork and South Fork, 13.63 km of roads were rocked a a cost of
$306,000.00. Over the pasgt three years 105.36 km of road has been rocked within the
TMRW.

Improvements and enhancaments were not just concentrated in the NFT.  For
example, in the Clark Fork three dirt sringer bridges were replaced with railcar
bridges for a totd cost of $108,000.00. In the South Fork, GeorgiaPacific solicited
Cdifornia Educationd Manpower Resources (CEMR), a nonprofit retoration
organization, to modify blockages to anadromous fish migration and aress of Sream
bank eroson in the mainstem and North Fork Redwood Cresk (Figure 2) By
Novembe of 1995, CEMR cews utlizing on Ste maeids modified, dabilized, and
replanted these aress of concarn (Appendix 6). Due to the efforts of CEMR, upstream
acoess for anadromous samonids was increased by gpproximatey 6.83 km in the
Redwood Creek watershed.

Conclusions

Many problem aress within the North Fork have been identified and corrected. For
1996, restoration will target Patsy Creek due to the high percentage of fines (28 %)
edimated from the 1995 sampling efort. GeorgiaPadfic logging enginear, Alan
Hess evauated this watershed in January 1996 and proposed goproximatdy 19
mitigations within Patsy Cresk to andiorae the high percentege of fines (See Patsy
Creek fidd review, (Appendix 7).

Daa gathered from dream typing will be used to evauae and prioritize future
instream enhancement projects for the TMRW. The initid phases of evduaion and
prioritization have dready begun usng daa from 1994 and 1995. Instream efforts will
focus on providing large woody debris dructure to cregte refugia habitat for sdmonids
throughout the watershed.
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STATE OF CALIFORNIA-THE RESOURCES AGENCY PETE WLSON, Governor

bEPARTMENT OF FORESTRY AND FIRE PROTECTION
COAST/CASCADE REGION

P. 0. BOX 60
135 RIDGWAY- AVENUE

SaNTA ROBA CA  95402- 0670
(107) 576- 2275

Date: Decenber 1, 1995
Ref.: Ten Mle Rver

M. Ross Liscum Chairman _

California Regional \Wter Quality Control  Board
North Coast Region

5550 Skylane Blvd., Suite A

Santa Rosa,, CA 95403

Dear M. Liscum

It has come to the department's attention, that the Regional Board
wi || soon consider the addition ofthe Ten Mle River to a |ist of

inpaired waterbodies. | was asked to correspond to the board
regarding this issue, since | have extensive experience with this
particular watershed. In addition, | am the department's field audit
' I nspector, having evaluated local tinber harvest operations wthin the
drainage al on% wth the local forest practice inspectors. | have also
coaut hored ocal fishery stud wthin the county, and have

periodically nonitored fish habitat paraneters in the ~past.

Wthout exact know edge of the criteria wutilized in the consideration
of water bodies for the purposes of your potential designation, ny
comments wll be limted to the general condition and trends wthin
the Ten Mle Rve watershed.

In general, we have found that the condition of the Ten Mle Rver
watershed is greatly inproved from its condition just 20 or 30 years
ago. Tributary channels which were very open, very warm and void of
fish habitat “in the early 1960s are "now fully ‘'shaded and providing
cool waters to the min river system There are still some portions
of the min channels wth slightly elevated tenperatures, but these
are expected to drop as the shade canopy continues to develop along
the banks. The tinpberland owners wthin the watershed have done an
. admrable job of stream protection in recent years. Sediment sanples
taken wthin potential spawiing riffles indicate that fine sedinents
are wthin the range of those found in unlogged Mndocino streans in
the md 1960's (Burns, 1972). These nunbers fluctuate slightly from
yearlto year, but remain wthin the statistical range of Burns's early
sanmpl es.

The condition of fish habitat has inproved greatly, and wll continue
to inprove into the foreseeable future. Athough salnon  popul ations
are believed to have declined significantly during the 1940s to 1970s,
the drainage supports a large population of juvenile salnmonids. The
resence of these juvenile fishes suggests that conditions are
avorable for salnmon rearing and survival. Unfortunately, the nunber
of returning adult spawiers is low The causes of wdespread coho
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salmon  decline from central California to northern Washington have
perplexed us all, but we do not believe that recent |and management
activities wthin the Ten Mle Rver watershed has contributed to any
decline. V¢ Dbelieve that stream habitat inprovenent is occurring and
relatively rapid wthin the watershed. Jennifer Neilsen (1991),  under
contract to the Departnent of Fish and Gane, said this regarding
Mendoci no County streams which she evaluated; "Surveyors were
surprised by the extent and ?uality of habitat available on Mendocino
streans. They expected to find streans in nuch poorer condition.
They were struck by the obvious lack of fish using the existing

habitat."

Most of the tinmbered acreage within the drainage is subject to
existing and proposed long-term managenent plans. ese plans include
provisions for watershed protection and |long-term nonitoring of
wat ershed conditions. Your staff participates in the review of these
plans, and contributes to viable nmonitoring plans and protection
efforts. These long-term plans wll enable us to evaluate and protect

the resources wthin the drainage.

The current condition of the Ten Mle River represents a success
story, recovering from the poor logging and agricultural practices of
the 1910 to 1970 period. Wth the advent of long-term sustained yield
nmanagement plans and continued nonitoring of habitat conditions, we
can all rest assured that wse land use wll ~continue. | wurge the
Board to wvisit the drainage and view its condition first hand.

Sincerely,

LLOYD | . KEEFER

e

\
By: Marc J. Janeson
Dvision  Chief,
Forest Practice

cc Ted Wooster DFG
CDF, Sacranento
Tom Gsi powi ch
Dean Lucko
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GeorgiaPacificCorporation % west Redwood Avenue
Fort Bragg, California 95437-3471
Telephone (707) 964-5651

To: All Potentid Readers Date. 27 January, 1995
From:  Jonathan Ambrose, Wildlife Biologist
Subject: Preliminary Enhancement and Corrective Measures to be Implemented in North Fork Ten Mile

Results from Georgia-Pacific Corporations 1994 Ten Mile River Monitoring plan indicated fine (< 0.85
mm) sediments exceed the 20% threshold in the North Fork of Ten Mile. GeorgiaPacific and others
consider 20% to be the point of concern for successful salmonid egg survivd. When a threshold of 20%
is reached the literature shows a marked decline in overall egg survival. In response to these findings
GeorgiaPecific is focusing instream and updope to identify, address, and dleviate areas of potentia
sediment production in an effort to reduce fines that could potentially reduce salmonid survival to
emergence ratios. One of the principle purposes of the Ten Mile River Monitoring plan was to detect
aeas where enhancement and restoration was needed. The purpose of monitoring is to guide
management to minimize impacts and in this respect the monitoring plan was very successful.

The main stem of the North Fork Ten Mile was primarily tractor logged and has not undergone harvest
for approximately ten years. The area above Cavanaugh Gulch has been essentidly inaccessble for a
number of years and was reopened in late 1994. By reopening this area we will be able to conduct a
number of enhancement projects as well as correct problems from past management activities. This is
intended to be a three step process throughout the North Fork to be conducted over time.

The first step in this process will be to identify and assess areas to be enhanced or corrected We plan
on utilizing our road engineer, hiologists, and foresters to identify and prioritize these areas throughout
the North Fork.

The second step is the most involved and it concerns corrective measures to be employed. Already a
number of areas have been identified as being areas suitable for enhancement or corrective actions. Some
of the proposed measures include but are not limited to;

1. Rock fill up dope of al culverts > 36" beyond F&G recommendations. Additionaly we
propose to rock fill up-slope of many culverts <36" by hand.

2. In areas of streamside erosion we intend to aggressively rip-rap and/or plant with conifers
and/or hardwoods.

3. Continue to replace dirt stringer bridges and Humboldt crossing throughout the North Fork
4. Search drainage for problem areas (a great many which occurred before passage of the forest
practice act) that can be eliminated by waterbars, in or out-doping and mulching.

5. Evaluate which roads can be abandoned and remove potentid problems in these areas such as
poor stream crossings, dides, faled culverts, etc. before “buttoning” these road closed.

6. Place downspouts and/or rock on al functiond culverts.

7. Three streams were determined to be fish impassable in a cursory survey conducted during the
week of January 15-2 1. We intended to replace the obstructions, upon consultation with F&G for
the most feasible methodology, a dl three locations with upgraded culverts, bridges, or fish
ladders. This will open up amost 2 1/2 miles of Class 1 streams that are currently closed to
anadromous  fishes. If other streams with similar fish migration condraints are identified they
will be addressed in a smilar fashion.

8. Increase eroson control measures (waterbarring, mulching, st barriers, downspouting) on
roads and skidirails beyond forest practice rules requirements.



The third step will be the evaluation of the effectiveness of the latter applications through routine
maintenance and increased instream  monitoring.  Georgia-Pacific's biologists intended to increase their
insream  substrate composition monitoring throughout the North Fork to better identify reaches that may
be potentid problems. By narowing the sampling universe we will be able to concentrate enhancement
and corrective processes in areas of the most need. Furthermore, as the whole North Fork is evaluated we
intended on conducting a culvert inventory and map it out on the GIS system with digtinctive labels being
given to each culvert sze dass

As other stuations and problems are evauated other corrective and enhancement measures will adso be
proposed.  Within the last year GeorgiaPecific has dready made strides towards improving the road
sysem in the North Fork by replacing old and ingtaling new culverts, removing stringer bridges and
Humboldt crossings and rocking over five miles of road. Unfortunately, activities within the headwaters
of the North Fork are outside of Georgia-Pacific’'s control and we will be unable to take action to reduce
suspected sediment sources in this area. GeorgiaPa&c is committed to improving the overal hedth of
the North Fork and intends on taking a wide variety of corrective actions to reduce the amount of fines (<
0.85mm) within this fork of the Ten Mile.
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North Fork Ten Mile Enhancements in 1995

Road Upgrades

As pat of GeorgiaPacific's 1995 Sustained Yidd Plan a number of roads have
been identified and proposed for closure over the next ten years. In the North Fork
drainage a totd of 9.75 km of roads have been identified. While there are many more
km of proposed road building within this drainage, impacts are grealy reduced and
effects minor compared to those from improperly used, or faling, roads The roads
proposed for closure may Sgnificantly reduce fine sediment input into the watershed.

Culvert  Upgrades
1. One culvert > 36" was installed above Patsy Creek. Rock fill was placed updope
of this culvert. Rock fill up-dope of culverts > 36" has become company policy.

2. A number of new and upgraded culverts were established into the existing road
system throughout the North Fork. As an example Table 1 summarizes road
improvements through a series of culvert inddlations on the North Fork Ten Mile
Man haul road (between 9.1 mile and 184 mile) in 1995. A totd of 62 culvert
upgrades (at a cost of $39,000.00, outsde of harvested aress, occurred in the NFT
watershed in an effort to reduce road impacts to the watershed (Table 1).

3. Rock fill updope of culverts < 36" and down spouts (when agpplicable) has become
company  policy.

4. During the initid evauation of potentid fish bearing streams blocked to
anadromous fish, three were identified for North Fork Ten Mile O'Conner  Guich,
Gulch 2, and Gulch 19. After further evauation during low summer flows Guich 2
was determined to offer only very margind habitat for spawning samonids and
none for juveniles. Guich 2 is currently downcutting large amounts of soil that
have entered the Sream due to past land management activities and inadequate
culvert placement. This downcutting is the result of a newly installed upgraded
culvert that is dlowing the creek to degrade to its naturad equilibrium. We
anticipate this stream will ultimately provide beneficid habitat to the TMRW

fishery.

Bridge Installations

Two dirt gringer bridges were replaced in 1995; one & LNF Ten Mile Creek and
one on the North Fork Ten Mile main haul road. Total cost was$125,500.00.
At O'Conner  Gulch a culvert with a 24 m drop served as a barier to anadromous fish
migration. Cdifornia Department of Fish & Game concurred that the bridge would



provide access for fish migration. A bridge was inddled by GeorgiaPacific in
November of 1995. Tota cost was $45000.00.

Jump pool Congruction

A jump pool was recommended by the CDF&G as the most vidble solution to a fish
barrier a Gulch 19. Funding for this project was approved by the Redwood
Conservation Digtrict and was expected to be initiated in 1995 and condructed by
Cdifornia Education Manpower Resources (CEMR), a non-profit restoration
organiztion.  Unfortunately, funding fell short last year but is expected to be approved
for 1996. To help expedite this project and defer costs, GeorgiaPacific will provide
materials and eguipment to aid CEMR during the congtruction of this pool.

Other Mitigations

1. Riprap was placed a the toes of three areas with stream bank erosion (near the
105 mile marker, 145 mile maker, and the 17.5 mile marker on the main North
Fork Haul Road). Total cost was $21,500.00.

2. Stream-gde planting, to reduce erosion, occurred aong the banks of newly
congtructed bridges and crossings throughout NFT.

3. Waterbeds were placed a a frequency that exceeded California Forest Practice rules
by admost twice the requirements, by the beginning of the winter period.
Throughout the TMRW, whole mulching and slt barriers have been placed in an
effort to reduce sediment input whenever feasble.

These enhancements were not affiliated with timber harvest planning.
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STATE OF CALIFORNIA - THE RESOURCES AGENCY PETE WILSON. Governor

DEPARTMENT OF FISH AND GAME
(Y73;J)N;‘\1/‘I1I__;_:OO CALIFORNIA 94599

July 28, 1995

M. Tom Ray, Resource Manager
Ceorgi a-Pacific Corporation
90 West Redwood Avenue

Fort Bragg, California 95437

Dear M. Ray:

The purpose of this letter is to commend you and your staff on
recent activities involving the North Fork Ten Mle R ver
wat ershed.  CGeorgi a-Pacific Corporation's watershed nonitoring plan
identified the North Fork Ten Mle as a prime candidate for
specific restoration ?rOJects. Georgi a-Pacific Corporation is now
in the process of i enenting some of the restoration projects
that were noted in the watershed plan.

My staff has informed me that you will be replacing the
. cul vert crossi n%_ at O Conner Gulch with a flatcar bridge.

Conpl etion of this project will open up sites in O Conner Qulch
that have not been available to spawning sal non and steel head for
aﬁprOX|nater 20 years. In our opinion, projects |like these are
the nost prudent mneasures | andowners can take for inproving sal non
and steel head popul ati ons al ong the northcoast.

Thank you for your efforts at inproving habitat for sal non and
steelhead in the North Fork Ten Mle watershed. The initiative
t hat Georgi a-Pacific Corporation has taken coul d be used as a nodel
for other |andowners who wish to maintain and inprove habitat for
sal mon and steelhead in California

_ I f you have any questions regarding our conments, contact
R ck Macedo, Associate Biologist, at 57 7% 928-4369; or Larry Week,
Envi ronnental Specialist, at (707) 944-5526.

Sincerely,

Fs i

Ken Aasen
Acting Regional Manager
Region 3
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STATE OF CALIFORNIA - THE RESOURCES AGENCY PETE WILSON. Go-r

DEPARTMENT OF FISH AND GAME
OST OFFICE BOX 47

YOUNTVILLE, CALIFORNIA 94599
(707) 944-5500

Decenber 27, 1995

M. Tom Ray, Resource Manager
Georgi a-Pacific Corporation
90 West Redwood Avenue

Fort Bragg, California 95437

Dear M. Ray:

The purpose of this letter is to comend you and your staff on
recent inprovenent activities in the Ten Mle River watershed

During a January 15, 1994 Departnent survey of the |ower part of
‘ the Ten Mle River, nunmerous upgradi ngs of drainage structures were
noted (Appendix 1). Included in this list was an ol d Hunbol dt

Crossing of MII Creek which needed debris cleaned frombelow it
before it failed. This site was identified by M. Pete Ri bar of
your staff to be replaced with a bridge under THP | -94-346 MEN

The crossing was replaced with a bridge in the fall of 1994.

Exam nation of the site on Decenber 14, 1995 indicates the stream
now has full clearance through the area. In addition, the boul der
rip rap used to protect the bridge has caused the streamto dig out
a pool area above the bridge resulting in inproved stream habit at
for salnmonids. Gavels under the bridge were found to be clean and
| oose.

Thank you again for your efforts at inproving habitat for sal non
and steelhead in the Ten MIle watershed.

Sincerely,

Rew one

Ken Aasen
Acting Regi onal WManager
Regi on 3

Encl osur e

)
e
o



State of California

Memorandum

To :Ten Mle River SystemFiles
From | Department of Fish and Game
subject: Fi el d Surveys, January 15, 1994
M| eage From
Hi ghway 1 Ti e Location
0.0 0922
0.5 0924 si de of stream
0.7 0926 bridge over So. Fork
. 0.8 0928 si de overfl ow area
W th standi ng water
1.4 0935
1.5
1.7
1.75
1.9

The Resources Agency

Date: December 19, 1995

Gbservation

2 geese

3 nmale & 3 fenmal e
conmon mer gansers

3 male mal |l ards

3 femal e mal | ards
1 great egret

1 snowy egret

New 18-inch culvert to
drain inside ditch

New 18-inch culvert to
replace old 12-inch
cl ogged one; 3 woodr at
houses; 40 ft. apart
on north side of road.

New 18-inch culvert to
drain inside ditch.

New | 8-inch culvert to
replace old failed 12-
i nch culvert.

New 18-inch culvert to
drain inside ditch (8
feet of vegetated
filter).

New 18-inch culvert to
drain inside ditch (10
feet of vegetated
filter).
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Ten Mle River System
Decenmber 19, 1995
Page Two

2.02

2.2 0947

2.3 0949

2.54 0958

T™W/jp

New 18-inch culvert to
drain inside ditch (80
feet of vegetated
filter).

New 18-inch culvert to
replace faled 12-inch

culvert (100 feet of
vegetated filter to
river).

one raven, one stellar

NS¥ at ravine with
37.  New 18-inch
culvert to drain side
ravine.

one winter wen;

exi sting functioning
culvert has + 100 ft
filter strip to river.

Functi oni ng existing
16-inch culvert.

GP gate to MII Creek.

MIl Creek. Has old
Hunbol dt crossing.
(Needs woody debris
cleared out from bel ow
or will fail in high
wat er . )

W

Theodore Wost er

Envi r onnent al
Region 3

Speci al i st
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Che Center i Education wa Manpower Resources

Post office Drawer F o Ukiah, California 95482
(707) 468 - 0194 .FAX (707) 468- 0407

MENDOCINQ FISHERIES PROGRAM
EINAL REPORT FOR CONTRACT # WC4021

September 1995

The Center for Education and Manpower Resources, Inc. is pleased to announce
the completion of stream enhancement activities on Redwood Creek, a tributary to the
South Fork of Ten Mile River, which flows into the Pacific Ocean. It is known to have
historical runs of Coho and Chinook salmon aswell asStedhead Trou.

Location:
USGS Quad. Sherwood Peak T 19N, R 16W, section 14
$27,000.00

Contract # WC 4021 was received by CEMR on Nov. 28, 1994. The objective of
the project was to modify a large barrier to encourage the return of a hedthy coho salmon
population to Redwood Creek andits tributaries, The barrier was in place just below the
confluence with the North Fork of Redwood Creek. At the site, flows diverted into the
south bank causing erosion and contributing significant sediment into the stream. Scarps
appeared below a former skid road and large trees, including a towering fir, had already
falen across the channel. The wet winter of 1995 changed the profile of the site. The
former complete barrier had shifted as aresult of extremely high flows. Now, fish could
pass upstream during high water. Howcvcr, enough indream materid still existed to
continue the erosion problem. The probability of another complete barrier reforming at the
Site was till of great concern,

The Mendocino Fishery crew began work on the logjam at the end of May. Using
chainsaws, griphoists and other hand tools, the origina logjam was modified. The channel
was opened to allow clear passage of the stream's flows in its center. Using a system of
high lines and intricate multiple blocking, the crew repositioned very large materia from
the barrier and constructed a log crib at the toe of the unstable bank to armor it from
further eroding into the creek. After hand excavating a bench, a 40" log, 28 ft. long was
placed as the base for the structure. 1 1/2" and larger willows were planted in a trench
behind the base log and directed over it, into the channdl. 24" logs were then split and
. rebarred into notches in the base log and to the bank, Two more logs were then similarly

placed and anchored to create a crib 33 ft. long and approximately 7 ft. high. The large
woody material that had accumulated as part of the origina barier was placed behind the
crib to fill the hole and further stabilize the bank.
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A large pool area now existed in the center of the channel. To further enhance the
area, two large rootwads were placed in front of the crib. A “digger log” was cabled
between the two and |eft extended into to center of the pool, All of these were fastened to
each other and the crib using 5/8" rebar and cable.

As afina complement, the crew thinned a very densely populated grove of |-3
year old alders that had sprouted above the eroding bank in the former skid road, These
were transplanted with 2-3ft. spacing to cover the unstable bank. The entire area was
then mulched with four belesof straw.

3/8ths. of a mile upstream, another large, complete 8' high X 25" wide barrier was
identified. Again using chainsaws, suspended cables, blocks and griphoists, the crew
modified the barrier to alow up and downstream passage. Since a redwood rootwad
approximately 16 ft. in diameter, blocked the greater part of the channel, bank eroson was
svaeat the site. Passage was cleared on both sides of the rootwad, which could not be
moved. The south bank was amared by the placement of a 36” log at its base. This was
anchored into exposed rock using 5/8" rebar, cable and epoxy, Straw was spread at the
work site to protect the bank where entrance to the site and log extraction had creaied a
trail.

The MFP crew is very proud of this project Through extensive use of high lines
and innovative placement of blocks, extremely large materid was salvaged intact and later
used in the construction of protective and enhancement structures. Ordinarily, heavy
equipment is utilized to accomplish such a task Since the project design was predicated
on theinclusion of such large material, but the presence of heavy equipment would have
been detrimental to the habitat, this technique proved to be the appropriate solution. We
look forward to taking advantage of similar methods in the future.

Three and one half (3 1/2) miles of Redwood Creek were made available to

migrating Coho Salmon by the completion of this project Nine hundred and fifty four
(954) hours were expended,

Center for Education and Manpower Resources, Inc.
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Che Center w Education s Manpower Resources

Post Office Drawer F e Ukiah, California 95482
(707) 468.0194 o FAX (707) 468-0407

MENDOCINO FISHERIES PROGRAM
FINAL REPO™" "~ CONTRACT #WC4067

December 1995

The Center for Education and Manpower Resources, Inc. is plessed to announce
the completion of stream enhancement activities on North Fork Redwood Creek, a
tributary to Redwood Creek and the South Fork of Ten Mile River, which flowsinto the
Pacific Ocean. Itisknown to have historical runs of Coho and Chinook salmon aswell as
Steelhead Trout.

Location:
USGS Quad. Sherwood Peak T 19N, R 16W, section 14
$39,000.00

Contract # WC 4067 was received by CEMR on May 17,1995. The objective of
the project was to create passage through multiple barriers for migrating salmon and
steelhead. In addition to modifying seven sites where passage was a problem, bank erosion
was severe above the fourth and largest logjam. There, the unstable bank was collapsing
into the stream, contributing to the excessive sediment problem found in the downstream
pools.

Beginning in May, the crew began work on the North Fork. The firg five dte's
waein the lower 1/2 mile above the confluence with Redwood Crek. All, complete
barriers, needed extensive work. The largest was at the base of an active dide. Using
chainsaws, griphoists and other hand tools, the barriers were modified. With the available
materia from barrier #4, cable and rebar, a log crib structure was constructed and
anchored in place at the toe of the slide. This stabilized the bank and will provide shelter
and habitat. Willows were laid in atrench behind the structure to encourage revegetation
and increase durability and cover.

As much materid as possible was left in the channdl at al seven of the Sites. Only
that which posed a threat to continued fish passage or deflected stream flows into the
banks, was removed. Subsequent monitoring and follow up assessment of the area is
recommended. The good canopy, abundant pools and in-stream organic materia define
thiscreek as prime spawning habitatfor the threatened coho salmon.

Centr for Education and Manpower Resources, Ine,
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Three quarters (3/4) of amile of prime spawning and rearing habitatwere
sgnificantly improved by the completion of this project. Access to another mile of
potential spawning habitat above the sites was also opened. One thousand five hundred
and thirty four (1,534) hours were expended.

Center for Education and Manpower Inc.
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