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ABOUT THIS REPORT

To redpients

This report presents information that we hope will be useful to those developing
policdes and protocols for assessment and prevention of cumuldive effects in forested
waersheds The rdaivdy short time (two months), that we had to do the literature review,
write the report and hold the workshops precluded a complete development of the subject.
Although some of our colleegues may not agree with some of the condudons we bdieve
they contain the nudeus of a consansus upon which to build effective goproaches for deding
with cumulaive effects in forested watersheds
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INTRODUCTION

Cumuldive effects (CEs) as usad in this paper refer to changes in watershed and channd
conditions caused by multiple forest practices, These effects may be addtive or multiplicative
in naure and are functiondly linked to watershed processes

Public concarn and legal redress of CEs due to forex management in Waghington date
back to the late 1970's. Golde e d. {1989), provide an excdlet higtoricd review of how the
Washington State Forest Practices Board has dedt with CEs evduation and regulaion on date
and private forest lands. Efforts to address CEs through the 1986 Timber Fsh and Wiidlife
Agreament (TFW), dressed three gpproaches devdopment of basn plans setting resource goas
and monitoring menagement practices in non-plan badns and by encouraging multi-disciplinary
cooperaive research. Basan plans became known as Resource Manegement Plans (RMP), ad
among other things these plans were to st resource gods a any gopropridte geogrgphic scde
and monitor to determine if those gods were beng me. The goproach was to emphesze
adaptive management in the evdudion of resource gods and risk assessmett.

Two ealy RMPs, the Upper Yakima and the Nisqualy plans edablished resource gods
for indream hebita parameters or “thresholds’, as they became known, to indicate rddive
hebitat condition for fish. If a paticular parameter was found to be out of the agreed upon
bounds, prescriptions were to be gpplied to forest practices that in theory had linkages to channd
inputs and processes responsble for it's present dae

The conogpt of linking threshold vaues for sdected intstream hebitat parameters to the
intent and degree of forest practice regulaion, has ganed favor among many resource managers
and is now being conddered for adoption into the Foret Practice Rules and Reguldions
Thresholds have been vaioudy cdled decison criteria peformance dandards habitat gods
target vdues and mod recently “indices of resource condition”. Whatever thar name, ther
purpose is the same to desribe a levd of dream hebitat condition that would trigger Spedific
management  reponsss. A destription of these responsss is 4ill under devdopment in the dreft
rules for “Cumulaive Effects and Waershed Andyss’, Washington Adminidraive Code (222-
31-030 to 222-32-100). We prefer the term “target condition” because it connotes a condition
tha may be surrounded by condderdble variability but that can be activdy managed for.

The objectives of this pgper ae 1) to provide an evdudion of the “threshold” gpproach
as it might goply to the regulation of forest. prectices across diverse landscapes and Sream
channds in Washington, 2) identify indreem paaneges tha ae dosdy linked to foredt
practices, fluvial processes and salmonid habitat life history requirements 3) suggest threshold
or taga oonditions to delemine habitat condition, and 4) recommend quartitative fidd
methodologies for parameler  measuremett.

The organization of this pgper is intended to serve readars of various interest leves and

discplines Important condusons and recommenddions ae presnted fird, followed by an
increasingly detaled discusson of supporting information,
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CONCLUSIONS AND RECOMMENDATIONS

1) Rdiance on inchand paamees and resource based target conditions will not
prevent CEs from occurring. In effet, this goproach permits CEs to occur before corrective
adions ae undeteken. Such a sysgem is hdpful only in assessing channd condition and it
philosophicaly continues to place the burden of proof on fidhes and other aguetic resources to
show damage This is not gopropriate in view of the lag time between some watershed activities
and thar expresson in the channd, and it is not entirdy conggent with the gods of Federd
legidaion such as the Cleen Water At and the Endangered Species Act.

2) A better goproach to the prevention of CEs is an ealy waning sydem of hilldope
thresholds that would ded directly with the causes of CEs on forest lands i.e those things that
upset the bdance of basc channd inputs of wood, water and sediment. These indude dear cut
logging on deep undeble teran; road dendty, location, condruction and mantenance and
paterns and rates of timber harvest that digupt normd basn hydrology.

3) Approaches to the prevention of CEs, that do not ded with the proxima causes of
dream hebita deterioration as the first levd of warning, fal to provide adequate resource
protection and do not serve fores managers because they provide a fdse sense of security and
utimady limit manegamat flexibility to ded with the prablem.

4) A auite of inchannd parameters and target conditions is a nesded channd assessment
procedure that could hdp identify specfic needs to address through forest practice regulation.
This sygsem would be a useful adjunct to a hilldope threshold goproach and could provide
nesded corroborative links for monitoring the effectiveness of management prectices over long
periods.

5) We have dected to use the conditions indicaive of the dreams draning unmaneged
forests as the sandard by which to set target conditions... .This approach does not seek to
optimize the dream ewironment for a paticular gpecies or age dass but assumes naurdly
functioning and ecdlogicdly intact channds will provide long teem sudaingblity for diverse fish
assemblages

6) We have dected to st a 9ngle target condition for two reasons, firsd we do not think
it is necessay to desgnate a lower levd for the purposes of channd assessment and secondly
the data does not exig to do this in a conggtent fashion.

7) The dettific literature does not support a “one size fits dl” agoproach to the
edablisment of target conditions We bdieve a dream dassfication sysem linked to important
physca vaidbles such as gradient, sream size, and bank materid must be devdoped to group
dreams and dream reaches thet may respond Smilaly to disturbance. We support the
edeblisyment of target conditions gopropriate to loca setings for assessment purposes



8 We recommend the fdlowing inchannd paranges for induson in a ddaled
monitoring program; 8 LWD freqguency (pieces per channd width), b) average LWD volume
(cubic meters per piece), ¢) percent pool aes, and d) subdrate compostion (% fines < 0.85
mm).

9) Taget conditions etablished a this time ae

A) LWD frequency by channd width. From 4 to 19 meters bank full channd width, 244 to
2.03 pieces respectively (see ‘Table 2a, coumn 1). Daa based on regresson of Bilby and Ward
(1989).

B) LWD average volume per piece by channel width. From 4 to 19 meters bank full channd
width, 0.25 to 3.70 cubic ‘meters per piece regpectivdy (see Teble 6, column 1). Data based
on regression of Bilby and Ward (1989).

C) Pecent pool aea For dreams less than 3% gradient, the target condition is for 50% of
the totd wetted surface area to be comprised of pools a the low flow period.

D) Subdgrate compostion. The target condition is for no more than 11% of the patide dze
digribution to be comprised of the <0.85 mm fration. This target condition goplies broadly
to dreams of different 9zes and gradients but as a genad rule would be mogt gpplicable to
dreams <3% gradient and between 5 and 30 meters bank full channd width.



GENERAL DISCUSSION

We presat here a brief discusson of watershed and dream channd reponses to logging
rdaed disurbance and how fish repond to these habitat dterd@ions The purpose of this
discusson is to devdop a threed of continuity for the sdection of parameters and target vaues
In no wey is this discusson intended as a full trestment of the subjects Comprehensive  review
atides can be found on these and rdaed topics in Meehan (1991).

Waeased and Channd  Response__to Didurbance

Viewed gmply, two things occur during logging;, roads are condructed and vegedion
IS removed. These activiies multiplied across a watershed landscgpe dter the character or
quantity of the badc inputs of wood, waler and sediment to dream chands  Changes in the
charatter, timing and quantity of these badc channd inputs initie adjusments in channd
morphology that may perds for decades (Madej 1978). Channds reach new baances between
sdiment and flow regimes by adjusing a number of key paranders induding;, width, depth,
meander waver length, dope and gnuogty (Schumm 1971). Without additiond information
about the watershed, however, it is difficult to predict which parametes a channd may adjust
in response to a given change of inputs or to predict which inputs have changed based on
observed channd adjustments (Nunnally 1985).

Episodic large inputs of wood and ssdiment to channds, ddivered through landdides and
channd falures have been a pat of naurd channd devdopment in the Padfic Northwest and
may even be important in forming productive fish hebitat. However, numerous dudies have
demondrated that dear-cut logging in deep taran has often increesad the frequency and
digribution of these events probably wel beyond the point where they may be beneficd
(Fiksdal 1974; Leopold 1980; Schiichte e d. 1991). The recovery time between naturd
disurbances caused by catadlysmic gorms or fire, on the order of centuries was congderably
longer then that observed in many of today’s clear-cut logged watersheds

The ovedl effect of less large woody debris (Grette 1985, Bilby and Ward 1991), more
sdiment (BEveret e d. 1987) and more frequent channd forming flows (Chamberlan et d.
1991), has been smplified dsreem habitat (Hicks & d. 1991). Withinbasn vaidbility of
response should be expected based on locd conditions dong the length of the channd network.
The paticula channd sdting, induding valey gradient, degree of channd  confinement, basn
gze, dimae and geology determine the generd potentid character of hebitat while the cyde and
megnitude of land-use triggered disurbance determines the proximate habitat response




Fish Response_ to Habitat Alteration

The repone of sdmonids to hebitat dterdtion has been extensvdy dudied. While the
siettific literature is full of numerous examples of how fish repond to Sngle habitat conditions,
such as temperature (Martin et d. 1986), increased food supply (Mason 1976), habitat Structure
of various sorts (Murphy et d. 1985, Shirvel 1.990); atempts to integrate the contending effects
of different hebitat variebles on salmonid stock Sze (Holtby and Scrivener 1990; Shirvell 1989),
community dructure (Fausch e d. 1990), and species interactions (Reeves & d. 1987) are few.
Here, we borrow from Hicks e d. (1991) by ordering our discusson fird to effects of sangle
hebitat varidbles and then the more complicated integration of smultaneoudy varying conditions

Temperature and light

Increeses in light and temperaure can have both negaive and podtive effects on
sdmonids These two vaiadles usudly co-vary due to canopy opening and modify the trophic
dructure of the dreem community, indirectly afecting growth and survivd of fish. More light
and wame waer dimulae dgd growth and shift the primary production away from the diatom
dominated community of dossd canopy dreams  In response to this new food source secondary
production shifts to invertdrate species more likdy to enter the drift and become food for fish
(Hawkins et d. 1982; Gregory et d. 1987).

If summer dream temperatures excead the range of efident meabolism, growth raes
ae reduced. Signtly warmer water temperaures in the winter, however, which is a typicd
rejponse of low eevation coadd Sreams to logging (Beschta e d. 1987), can have a postive
effect on winter gronth and presumebly survival to seaward migration. Thee same winter
temperaure increeses can acoderde intragrave devdopment cauang fry to emage ealier from
the gravd then they normdly would (Holtby and Scrivener 1989). The combination of a longer
growing seeson and better growing conditions can indirectly affect the timing of importart life
higory eveits and dter the aurvivd through citicd life higoryperiods

Large woodv debris {LWD)

Lage woody deuis plays a vitd roe in mantaning the didribution and frequency of
many dvese flow-and cover conditions in amdl foreted dreams and in sving to amdiorate
the erosve forces of channd forming and flood flows. It is the condition cregted by the LWD
eg. vaiadle veodty regimes dakness and overhead shdter, that fish sk out, and not the
dructure itsdf (Shirvdl 1990). Juvenile coho sdmon and older age dasss of steelhead and
cutthroat trout srongly prefer the low veodty hebitats various kinds of debrisformed podls
provide (Bisson e d. 1982). For these sdmonids a loss of pools means dmost a proportiond
decrease in thar abundance. Seasondly, velocity shedows cagt by woody deris may be even
more dgnificant in mantaning salmonid aundance (McMahon and Hartman 1989).



Sadiment

Rexarchas have used a dizzying aray of methods andyses and texturad indices to
investigate the effects of fine sediment on the reproductive success of sdmonids (Chapman 1988;
Kondolf 1988). There seems little doubt that high proportions of fine sediment in spanvning
gaves impars inragravel survivdl of salmonid embryos Precisdly what those proportions are,
and pahgos more ggnificantly wha the dangerous gran Szes ae for different goedes is il
somewha in quesion. Chapman (1988) has provided a comprehensive review of the information
and conduded that there is difficulty in goplying many of the dudies to naturd dream sdtings
because, 1) laboratory dudies faled to duplicaie the architecture of naturd egg pockets and, 2)
fidd dudies had not rdaed survivd to emergence to actud egg pocket conditions.

The efects of coarse sediment depodtion on fish ae more indirect, operating through
sometimes subtle shifts in channd morphology thet may persst for decades (Madej 1978). The
generd reponse of dluvid channds to widen and ddlow with higher sediment loads causes
loss of pod volume and in extreme cases surface flows where channds are attivdy aggrading.
Thee adjugments directly reduce the rearing space avaldble of sdmonids during the summer
growing Seeson.

Flow

The effects of dtered dream flow ae difficult to isolate from other effects of forest
managemat.  Although immediady dter logging there may be a temporary increese in bese
aumme flows and an increese of sUmmer rearing goace, thee pogtive effects may be quickly
overshadowed by the negative efects of larger megnitude winter flows Indirect habitat changes
such as the redigribution of LWD and dterations to the channd geometry may be long lading
effects Immediate effects are increased frequency and depth of Streambed scour, attendant loss
of incubating eggs (Poulin and Tripp 1986a), and physcd diglacement of juveniles These
conditions may be execerbated in the trangent snow zone (Harr 1986) where specific storm
conditions may combine to produce rapid and large runoff. In rain dominated regions the
primary effect ssams to be an increese in the frequency of channd forming flows which cause
channd adjusments and form more hodile environments for sream biota

Combined _effects

In the most comprehensive study to date of the effects of logging on saimonid
populations, effects of changed hebitat conditions, fishing mortdity and dimate were dudied
through a series of linked regresson modds (Holtby and Scrivener 1989). Reaults for coho
sdmon indicae dight intragravd waer temperature increeses during the incubation period
accdeded intragrave  devdopment causng earlier fry emergence and giving the fish a longer
growing seeson thair fird summer (Hartman and Scrivener 1990). As a result, average fish dze
going into the winter was larger, reauting in better over winter survivel rates which produced
more 14 smolts and fewer 2+ snalts (Holtby and Scrivener 1989). Offsetting postive and
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negdtive effects made it impossible to meesure a direct effect by just looking a stock size & the
adult dage Thee cascading effets on 9ze and timing of importat life higory events ad
population age dructure were a urpriang reult and ae a prime example of the complexity of
dream ecosysems

APPLICATION OF FARAMETERS AND TARGET CONDITIONSTO THE
REGULATORY ARENA

Darmnage Assessment versus Prevention

A aiite of indream parameters and target conditions is a vauable tool for assessmert,
but by itdf, can only be used for evdudion and is not an ealy waning sysem for the
prevention or remediaion of CEs. As such it will serve more as a regulatory lever than a
preventative soreen. While we bdieve it is vitdly important to underdand the condition of the
channd nework in forested waesheds the empheds mugt dways be outdde the channd in
devdoping regulaory dtemndives to prevent or remedigie CEs. Regadless of the condition of
the channd, if there are risks on the hill slope, they should be assessed and redidticaly dedt
with, not execerbated by management activities

The utimae vdue of an inchand. asessmat progran may be to encourage the
development of regiona databeses thet link channel condition to remotdy detectable landscape
dterdtions and naurd waeshed sengtivities eg. road dendty and indicators of hydrologic
maturity such as dand age didribution, and undable soils and dopes  If these generd
rldionships can be developed, hill dope parameters could be subdituted for the in-dream
paamders in a true “threshold’ fashion, to provide dear and early indicators of CEs.

Use of Parameters and Tarpet Conditions

Even if the condition of the dream channel is coupled with a hill dope risk assessmet,
(as envisigned in the draft foret practice rules & the time of writing), to direct the intent or
degree of forest practice prescriptions, those presriptions must be entirdy successful to avoid
gradudly pushing the habitat conditions from good, to far, to poor. In the present draft rules
channds judged to be in good condition would, in dl but a high risk scenario, be rdegated to
dandard forest prectice rules, This goproach does not teke into account the loss of buffering
cgpadity agand the effects of large naurd storm everts thet the standard rules may permit, nor
does it recognize the lag time between landscgpe dterdion and it's expresson in the channd.

If an evduation of channd conditions must show an abitraily st levd of deterioraion
before management responds to hill dope risks on a priority beds it is a foomula for gradud
hebitat loss and legitimizes placing the burden of proof on fishes and other aguatic resources to
prove damage This is not entirdy condgent with feded legidation such as the Cleen Wae
Aca and the Endangered Species Act. Regardless of channd condition, manegement regponsss
should ded respongbly with risks to public resources.



Dealing with Spatial and Temporal Vaidility

Regulatory sysgems have little petience with complexity. However, the sdentific redity
is thet no two dreams ae dike and they represent a continuum of physca form, energy inputs
and biological processes (Vannote et d. 1980). We can however, identify petterns of form and
process that will endble us to adequatdy group dreams for management purposes This is an
urgent need and addresses our underdanding of dreem sysems ther potentid to produce
different fishes and our ability to manage that potentid in the face of large scde and perpetud
landscape dteration. Recent work by Bradley and Whiting (1991), and other work in progress,
(Dave Montgomery peas comm.) should be invauadle in providing a dassficaion sysem thet
hdps patition out the inherent varidblity of different physcad sattings from that imposed by
management  practices

Mog of the recent dtempts to dassfy dreams have used hierarchica gpproaches that
build linkages between regiond and micohebitat scdes (Naiman e a. 1992). The TFW
Ambient Monitoring Program has had consderable experience with such a sysem deveoped by
Cupp (1989) for foreted dreams in Washington. Andyss of dream survey daa indicates that
the current dassfication sysem may be ill suited to adequatdy account for differences in habitat
due to inherent properties of the setting (Ralph e d. 1991). These problems seem to aise from
the lack of a truly sysemdic categorization of channd types based on a continuum of channd
characterigics important to fluvial processes. Suggedions for increesing the rigor of a landscape
or watershed dlassficetion scheme have been made by Orsbom (1990) and Ralph et d. (1991).

Successful implementation of a parametes and taget condition agpproach will require
agopropricte dratification of dreams to ensure redidic expectations for target conditions The
other dterndtive is a “one size tits dl” gpproach, which could essly confuse inherent variability-
with menegeamat effet. We idattified the following characteridics as drong detlerminants of
important in-channd  parameters: 1) gradient, 2) some meesure of Sream Sze (basin aea or
channd width), 3) degree of confinement and bank materid, 4) basn geology, ad 5) regiond
dimae Nat dl of thee vaiades ae equdly importat to dl parameters and we envison a
draification scheme unique to each parameter for which target conditions ae st

PARAMETER SELECTION

We were asked to evauae temperaiure, large woody deris, gravd compaostion, grave
dability, “primary pool” frequency and cobble embeddedness as parameters for evauding CEs.
Thar oconddadion hes been a prionty, leaving litle time for the examingtion of other
paanges However, we do not bdieve there are other parameters for which target conditions
could be st & this time. In order to detect CEs across a broad range of sreem settings, it will
be necessry to use a slite of paanges For examnple it would be mideading to ue gravd
compodtion as an indicaor in a dte where the bed has become amored as a result of the loss
of woody deris or increesed high flows



MacDondd e. d. (1991) daes “An ided parameter for monitoring the impadts of a
land manegement adtivity such as foredry dhould: 1) be highly sendtive (reponsve) to the
management action(s), 2) have low spatid and tempord vaidbility, 3) be accurae, precise, and
essy to measure, and 4) be directly rdaed to the desgnated uses of the water body.” As
MacDondd et. d. note, these idedized parameters do not exid.

SETTING TARGET CONDITIONS

The main assumptions of a paameters and target conditions goproach can be summarized
in this way: “The mog productive conditions for our sreams have been determined, they can
be represanted by a few Imple surrogate vaiables, measured with rdigbility and watershed
adtivities managed predsdy enough to predictably afect the direction and intengty of those
vaiables’. Full agreement with this daement reguiresan uncommon degree of confidence
On the other hand, rductance to apply what: we know, adaptivdy, would limit our &bility to
manage our naurd resources progressvely.

Sdting target condiitions for specific hebitat parameters requires fird that an goproach be
established and secondly that numbers be derived from that approach. Two generd approaches
ae avaladle to managas The fird sats target conditions based on some known or assumed
hebitat condition that is predicted to maintain a given levd of resource abundance The second
goproach, and the one we favor, sdts taget conditions based on dreams draining unmanaged
foreds A discusson of both follows

Fish Response

Sdting target conditions based on fish response assumes that target levels for specific
hebitat parameters above or bdow which agudic resources would be compromised are known
or can be determined with certainty for a wide range of sreem setings We do not beieve this
to be etirdy true Even if the basc shgpe of the reponse functions for different habitat
parameters, could be accurady described it still begs the question of whether we can manege
precisdy enough to mantan any correspondence with the desred levds

Hypothetical regponse curves are depicted in FHgure 1, each suggesing a different leve
of risk assodaed with incremetd habitat change Curve A suggests that a target condition
coud be st that would dlow consderable vaidion in habitat condition without sudaning a
resource loss, B suggedts thet. even smdl incremental changes in habitat condition could cause
ggnificant loss of resource, and C amply requires that abitrary target conditions be sdected
and accepts a catan leve of impact. Even though these curves are meant to represent generic
responses, they could reasonably represent generalized responses to a decrease in pool volume,
an increese of fine sediment in spawning gravds and LWD loading for A, B, and C regpectivey.
Each response requires a different levd of management precison to mantan a desred levd of
resource productivity. Since many of the importat indream paramees covay and ae not

independent, it would be highly unlikdy that they could be managed indegpendently. A mgor
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problem with this gpproach is that there is often Sgnificant lag time between landscape ateration
and the manifestation of it in the channd.

FISH RESPONSE

A

B

HABITAT CONDITION

Figure 1. Hypotheticd response of fishes to changes in different habitat parameters.

This gpproach continues to place the focus of our regulatory program on the resource
rather than on the processes that support that resource- As a result the resource continues to
shoulder the burden of proof to show damage narrowly focusing on specific life history stages
of individuad species while ignoring the need to provide diverse habitais for whole assemblages
of fishes.

Habitat Suitabilitv Indexes (HSI)

HS methodology is a second way that has been proposed to set target conditions based
on fish response. HY is another way of describing the kinds of habitat conditions that fish favor
and thereby predicting some level of use for stream reaches exhibiting those characteristics. The
generdized Suitability Index (SI) curves are derived from vaious gSudies that demondrate
preferences of individud species and life history dages for particular conditions. The curves
are normalized so that each habitat condition can be described on the basis of a standard
preference level,
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Without cdibration to locd condition:; these curves are rddively ingpt a describing the
extent of habdita utilization for individud spedes Even dta cdibraion they ae often poor
predictors of danding socks (Wesche e d. 1987). In compaing Sx mahemaicd modds of
the rdaiondhips between fish populaions and thar habitat, (ome of which were gmilar in
condruction to the HS techniques), Shirvel (1.989) found that for data sats from which they
were not derived, they only explained 7-30% of the variation in fish numbers or biomass (mean
= 24%). He concluded that, “...they will nor prevent management deddons which result in
undesrable ecologica consequences unless their gppropriteness is  confirmed  before  eech
application. "

A prindple drawback of HS methods for gpplication to the regulaory arena is that they
do not disriminate between naurd sdting variability and tha  atributable to  management
adiviies A auite of vaiades goplied broadly to sreams of different gradients, 9zes and basn
charadteridics may give farly dfferent suitebility ratings. This “one sze fits dl” gpproach
yidds corflicting views of true hebitat condition. The prindple goped of the method is that it
offers a convenient way to sdect an ahbitray levd of suitability, (1.0 beng the most suitable
and 0.0 the leadt). Because of the normdized 8l curves, these ratings trander broadly to dl HS
vaiadles making it is essy to pick multiple suitadlity levds to destibe vaying degress of
hebitat condition. However, these sdections are purdy abitraly and may have litle bearing on
actud habitat condition or utilization by fish.

Fgures 2 - 5 illugrae the dfficulty in goplying SI curves even for a Ingle edies and
age dass within the same dream. The overdl juvenile coho preferences for veocty and depth
as depicted in Fgures 2 and 4, (a vdue of ¢ on the Y axis indicating sdection for conditions
in the same proportion as they occur in the stream), shows preferences for veodties < 10 cm/s
and complete avoidances of vdodties > 30 cm/s, and preferences for depths > 10 cm deep.
However, if behaviord charatteridics of the population are conddered, those fish tha hold
territories, “defenders’ and those tha “wander” have different velodty and depth preferences
(Fgures 3 and 5). Unless spedfic informaion about populaion charecteridics and predise
digributions of HS varidbles are known for a vaidy of hebitat types within the same dream,
goplication of generdized S curves can be mideading (Bisson and Fransen unpubl. data).

Ecosystem

A fundamentd quedtion about target conditions is “What do we want Sreams in managed
foregts to be like? We bdieve the answer to this quedtion is thet they should gpproximete those
dreams draining unmanaged forests. Because these are the conditions that sudtained ecologicaly
diverse communities and healthy salmonid populations over long periods of time prior to culturd
devdopment, they ae the mos secure and represat a unifying bads to evduae channd
conditions At this time to set target conditions by any other dandard assumes that another
dandard is @ more desrable for public resources, or b) represents an acceptable leve of

impact.
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We bdieve sHting target conditions in this manner, gopropriady shifts the focus away
from the numbers and arguments that continudly place the burden of proof to show damege on
fishes and other aguatic resources The ecosysem gpproach assumes thet suitable conditions for
dl gedes ad life higory dages will be supplied by providing them the dream conditions under
which they evolved. Diversty and vaiability ae the nom in unmaneged beans We shoud
be seking amilar paterns in managed bagns This goproach does not seek to optimize the
dream environment for particular gpecies or age dass but assumes that the conditions in sreams
draning unmenaged foreds will support diverse fish assambleges These conditions may even
be less favorable for some sdected salmonid spedes then those in managed sysems We are
willing to assume those risks in favor of long teem S&hility.

The ecosydem -approach- Seeks to provide a baanced besin hydrology, and sediment
regme and provide a loading of woody dexis gmilar in frequency, voume and Spedes
compaogtion to unmanaged besns. This goproach assumes the drong spdtid vaidblity of hebitat
paameters found in unmanaged sdtings is desrable for long term maintenance of diverse
habitats.  This is not necessarily a hands off goproach to management. To do nothing but wait
Is probebly the longest route to recovary in many cases. This gpproach can shift the focus of
debate on forest management from resource to process, and from protection to recovery.

Deter mining Multiple Levels for Target Conditions

Destcribing more then a “good’ target condition for managed dreams, (which we ae
desgnating the mean or better), for unmaneged dreams of dmilar charadteridics, (eg. Smilar
gradients, 9ze and bank materid), requires abitrary decisons Severd goproaches have been
uggedted, induding the abitrary sdection of an HS suitability index such as .7 or .8, picking
a levd whee “fish aurvivd is dgnificantly afected”, or from the ecosysem goproach, some
devigion from the meen.

The only pressure to st this lower limit, a levd that would desgnate the difference
between “fair” and “poor” conditions, comes from a particular logic that is being
inditutiondized in the proposad forest practices rules This logc hdds thet if a chand is in
a catan condition, there are corresponding levels of risk thet ae pamissble on the hill dope
We would rather encourage a logic that independently dedls with hill dope hazards, seeks to
underdand proximae causes for ay devidion in channd conditions from the meen vaues for
unmanaged dreams, and cregtively manages for recovery of the watershed processes that support
ecologically diverse channds

We have dected not to sat “poor” target conditions for two reasons, fird we do nat think
it is necessay and secondly the data does not exig to do it in a congdent fashion. Target
conditions are dandards againg which to compare. We bdieve this goproach was efectivdy
goplied by Beechie and Wyman (1992).
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SUPPORTING RATIONALE FOR PARAMETERS AND TARGET CONDITIONS

Temperature

Taget vdues have been edablished through dae water qudity sandards and the TFW
temperature modd (Cumulaive Effects Thresholds RFP).

Large Woody Debris I.WD

The amount of large woody debris (LWD) (dso termed large orgenic debris and coarse
woody-debris) in Sreams has been rdated to salmonid abundence and didtribution (Murphy et
a. 1985h; House and Boehne 1986; Shirvel 1990) and this rdationship has often been attributed
to the use of LWD as cover (Bustard and Narver 19753 Grette 1985; Heifetz et d. 1986;
McMahon and Hartman 1989). However, Bjomn et d. (1991) have indicated tha the abundance
of age0 who during the summer in severd dreams of southeest Alaska was not corrdaed to
cover. These authors however, do not refute the benefit of cover to sdmonids during winter.
Recent research suggedts that sdmonids associae dosdy with LWD primaily to teke advantage
of the depth and veodty profiles these accumulations creste in the channd (Tschaplinski and
Hartman 1983; Shirvell 1990; Bjomn et d. 1991; Bozek and Rahd 1991). The role of LWD
in the maintenance of pool depth, podl area and hydraulic complexity (Kdler and Swanson 1979;
House and Boehne 1985, 1986; Sullivan 1986; Kaufmann 1987; Andrus et d. 1988) may be its
primary contribution to the phydcd habita of juvenile sdmonids

Reductions in LWD frequency and volume have been directly atributed to forest practices
(Grette 1985; Heifetz et d. 1986; Lide 1986; Murphy and Koski 1989; Bilby and Ward 1991).
Logging can dso change channd orientation and digribution of LWD in dreams (Hogan 1986;
Tripp and Poulin 1986a), often resuiting in the accumulaion of large, infrequently spaced debris
jans (Bryat 1980; Bisson e d. 1987; Potts and Anderson 1990). Systematic logging of
riparian aess over the lagt century hes reduced the potentid for LWD recruitment in many
sysems (Seddl et d. 1984; Andrus e d. 1988; Murphy and Koski 1989) and some of these
dreams may not recover completey for more then a century (Murphy and Koski 1989; Seddl
et d. 1991). Recently, management techniques have been deveoped to reduce LWD loss and
dlow ocontinued recruitment from ripaian gands (Bilby and Wassarman 1989; Robison and
Beschta 1990b).

In foreted dreams LWD is asodated with the mgority of pools (Table 1) and the
amount of LWD has a direct affect on pool volume, pool depth and the percentage of pool aea
in a dream (Elliot 1986; Murphy et d. 1986; Carlson et d. 1990; Beechie and Wyman 1992).
The sediment dorage cgpability of LWD (Triska and Cromack 1980; Sedell et d. 1984; Lide
1986) is important in the tempord mitigation of rgpid inputs of sediment from point  sources such
& landdides and channd falures (Bisson et d. 1987).
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Some ressarch has indicated that LWD frequency decreases with increasing channd  width
(Fgure 6) while other sudies show the oppogte trend (Figure 7) (Tables 2a and 2b). Gradient
and channd width tend to vary simultaneously and it is difficult to see a dear effect of gredient
on LWD loading (Tables 3a and 3b). The average diander, length and volume of individud
pieces of wood increases with stream sze (Bilby and Ward 1987, 1989, 1991; Robison and
Bethta 1990a). As channd width increases, debris jams become larger, less frequent and more
dosdy assoaaed with the dream margins (Triska and Cromack 1980; Bisson et a. 1987).

In some ingances LWD frequency is reduced in dreams draining maneged forests (Bilby
and Wad 1991; Fgure 6) and in othes the difference is not detectable (Raph e d. in
prepardtion; Fgure 7). However, due to recruitment from mature coniferous riparian stands,
unmanaged forests have larger average deris Szes (Andrus et d. 1988; Rdph et d. in prep,;
Figure 8). These larger pieces tend to be more stable (Lienkaemper and Swanson 1987) and do
not decay as fast (Anderson et d. 1978). For these reasons debris volume may be an important
indicator of the enargy buffering cgpedity of dreams and the effect of logging on this cgpaaty.
To detect the multiple impacts of foret practices on LWD loading, we use LWD frequency in
pieces per chand width and deais volume index as units for the edadlisment of tage
conditions.

Taet  condition

Lage woody deois frequency in dreams draining unmanaged waesheds is highly
varidble (Tables 2a and 2b; Figure 7). One of the most complete daa sats for unmanaged
Washington dreams is that of Bilby and Ward (1989) and target conditions have been st usng
thar channd width dependent regresson. A converson of thee daa to pieces per channd
width was peformed to planly dglay LWD loading for dreams of diffeent 9ze  This
converson indicates tha LWD frequency ranges from 244 pieces per channd width to 2.03
pieces per channd width as bank full width increeses from 4m to 19m (Table 2a - column 1).
Use of Bilby and Ward's (1989) regresson eguation to predicc LWD loadings for dreams of
other dzes is not gppropriate. Hilby and Wassarman (1989) indicate that LWD frequencies are
dmilar in unmanaged dtes in eestern Washington and other authors document Smilar or  higher
vaues in channds wider than 5m (Table 2a). The higher vaues of Robison and Besthtar (1990a)
and Murphy and Koski (1989) may, in pat, be due to the use of a smdler minimum length
criterion in these dudies (1 .5m and Im respectivey).

One noteble inconddency in the exiding literature for unmanaged dream sysems is the
efect of chand width on LWD frequency (Tables 2a and 2b). Daa from western Washington
suggest a decrease in LWD frequency with increasing channd width (Bilby and Ward 1989,
199 1; Fgure 6), however, mogt other ressarch in unmanaged sysems demondrates an opposte
trend (Murphy and Koski 1989; Robison and Beschta 1990a; Fox 1992, Raph et d. in prep,;
Foure 7). While LWD dze citeria differ between these sudies (Table 4), both smdler ad
larger Sze criteria than those of Bilby and Ward (1989, 1991) were used. Bilby and Wad's
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A
1.00. A e Old-Growth
o ] ° a Clear-Cut
0.50 ~— 0 Second-Growth
Oe -
A
o ~
5
0.10 ~af. 0.6
g o ~ -
0A ™. @
« I
0.05 oS *
s " C.C
a
0.01 t
3.0 5.0 10.0

Channel Width (m)

50.0



Pieces of LWD per Channel Wicdth

12

10

+ 12
L ® Unmanaged -
6 Managed
- T - 10
e ®
0
16
0
Regression off o 16
0 S Ul_Frﬂﬁ:lﬁgI’d &
G

-‘F 4

O

O

@ ® + o

g) ogc;ﬁ)q} © O.O e Reagression of

. . gI?OO . . . N Mﬂnﬂwj . &
T : L] ] : { 0
5 10 15 20 Unmanaged Managed
Bank Full Width (m) Box Plots == Mean ¢ SD, Range

Figure 7: Relationship between nunber of pieces of LW per channel
wi dth and channel width for nmnanaged and unnmanaged streans of
Washi ngt on. Mean values are not statistically different between
managed and unnanaged streans. After Ralph et al. (in preparation)
- 1990-1991 Anbient Mnitoring data.



S o
oo ©

©
\'

Fraction of LWD »50cm in Diameter
o © o o ©9
N w EAN )] [ep)

E=t3
—_

o

* e Unmanaged -
. o o Managed

T 1

-1 0.9

-+ 0.7

1 0.6

+ 0.5

{04

5 10 15 20 Unmanaged Managed
Bank Full Width (m) Box Plots = Mean % SD, Range

Figure 8: Rel ati onshi p betweenthe fraction of LWD pieces which
are »50cm in dianeter and channel wdth for nanaged and unnanaged
streams of \ashington. Mean values are statistically different

between managed and unmanaged streans (p = 0.002). After Ralph et
al. (in preparation) = 1990-1991 Ambient Monitoring survey data.




(1989) and Ralph etal.’s (in prep.) streamshad a wide range of gradients(1-18%) while those

examined in Alaska did not have gradients > 3 % (Murphy and Koski 1989; Robison and Beschta

1990a). Streams examined in Mt. Rainier National Forest also had a wide range of gradients
(2-14%) (Fox 1992). Thus, the apparent inconsistency in LWD frequency trends by channel

width cannot easily be explained and has yet to be thoroughly examined.

Average LWD frequencies from western Washington second-growth and clear-cut  streams
commonly fall below the target condition selected in this paper (Bilby and Ward 1991; Figure
6), however managed streams in other surveys often do not fall below thislevel (Table 5). This
may be an indication of the need for further stratification or multiple indices which reflect
frequency, piece size (see below) and species composition. Logging may not change the
frequency of LWD pieces (Ralph et . in prep.) but rather the relative size of these. pieces
(Figure 8). Therefore; atarget condition which reflects the average size of LWD pieces will
be useful in detecting the cumulative effects of logging. For the determination of a target
condition based on LWD piece Size, we have used Bilby and Ward's (1989) regression for
unmanaged Streams of western Washington (Table 6 - column 1). Second-growth streams > 7m
wide in western Washington and the Stillaguamish and Snohomish River basins had a debris
volume index significantly less than thetarget condition (Bilby and Ward 1991; Table 6).

M ethodol ogy

The sze criteria (> 10crm diameter) so ubiquitoudy applied to the definition of LWD was
originally based on the ease of handling logging slash during stream cleaning operations
(Froehlich 1973). Since this time, criteria used to define LWD have varied considerably between
dudies (Table 4). Undtable (loose) pieces of I.WD are commonly excluded from stream surveys
(Bilby and Ward 1989), however the determination of stability is somewhat subjective
(Lienkaemper and Swanson 1987). In the absence definitive studies which show the relaive role
of woody debris with different characteristics, we recommend the continued use. of >10cmin
diameter and > Im in length as size criteria.  Thiswill allow comparison of data to existing
dudies and additiond andyses can be peformed for larger Sze classes. As the target conditions
secified in this paper were determined for LWD > 2m long, this length criterion must be used
in the comparison of survey results to target conditions.

To maximize the information in an LWD survey, we recommend the methods of Robison
and Beschta (1990a). Exclusion of any of the attributes of their methods reduces a survey’s
ability to make conclusions about existing conditions and future prospects for debris |oading.
Basin wide inventories of LW in fish bearing and non-fish bearing channels are essential to
edtablish the variability caused by locd anomaies and catastrophic disturbances. Without basin-
wideinventoriesit will be impossible to develop a solution for the recovery of LWD levels.

To relate an LWD piece count to the target condition specified in this report, the number
of LWD pieces in a stream reach should be divided by the length of that reach in meters and
multiplied by the average bank full channel width in meters. Debris volume index should be
calculated usng the methods of Bilby and Ward (1989). Debris volume index vaues and LWD
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frequencies greater than those specified in this paper indicate a condition which is similar to tha
of unmanaged streams (target condition).

Recommendations _and  Conclusions

1. The target condition for LWD frequency is based on Bilby and Ward's (1989) channd-width
dependent regresson for unmanaged sreams in western  Washington. Debris frequencies derived
from this regression have been multiplied by channel width to present specific LWD target
values for arange of stream sizes (Table 2a- column 1).

2. The target conditions for debris volume index are those predicted by Bilby and Ward's
(1989) channd-width  dependent  regression  for unmanaged streams of western Washington
(Table 6 - column 1).

3. Taget conditions for LWD frequency and debris volume index apply datewide for streams
4m to 19m bank full channel width.

4. For the comparison of LWD surveys to target conditions, a size criteria of > 10cm diameter
and >2m length should be used.

5. Large woody debris surveys should be done on a basin-wide scale using the techniques of
Robison and Beschta (1990a) and size criteria of > 10cm in diameter and > Im in length
Surveys should not be limited only to fish bearing reaches.

Pools

Many species and age-classes of juvenile sdmonids are dependent on pools for rearing
habitat (Bustard and Narver 1975a. Tschaplinski and Hartman 1983; Heifetz et al. 1986;
Chisholm et al. 1987; Bugert and Bjomn 1991; Heggenes et al. 1991a,1991b). The abundance
of juvenile coho in particular appears to be more srongly influenced by the amount and qudity
of available pool habitat than other variables, including instream debris (Nickelson et al. 1979;
Carman e d. 1984; Murphy et a. 1986). Different species and age classes of sdmonids prefer
Pools with different characteristics. Coho are abundant in dl pool types, age-0 sdmon and trout
are common in dammed and plunge pools, and older trout are increasingly common in scour
pools (Bisson et al. 1982; Bisson et al. 1988). Due to their increased depth, pools aredirectly
beneficial to salmonids through the provision of shelter from predators and refuge during
summer low flow periods (Buget et d. 1991; Heggenes et d. 1991b). In association with locad
obstructions, pools also provide areas of reduced velocity which are used by juveniles while
rearing (Bisson et al. 1988; Shirvell 1990; Heggenes et al. 1991b) and adults while migrating
and spawning (Bjomn and Reiser 1991).

The formation and maintenance of pools in dreams is an inherent product of fluid dynamics

and is largely independent of channed bank and stream bed maternd (Keler and Melhorn 1978).
Pool frequency appears to be related to gradient, channel width and, in small forested
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sreams, loca obstructions (Bilby and Ward 1989, 1991). As dream Sze incresses (>7m), the
relative role of LWD in determining pool surface area incresses (Bilby and Ward 1989) and as
gradient increases, pools become spaced a shorter intervas in step-pool formations (Chin 1990;
Grant et al. 1990).

Streams draining managed forests often have reduced pool frequencies, volumes, surface
aess, and average depths (Bjomn e d. 1977; Lide 1982, Hogan 1986; Tripp and Poulin 1986b;
Sedell et al. 1990; Bilby and Ward 1991; Ralph et al. in prep.). This loss of peol habitat is
often the direct result of a decrease in LWD (Bisson and Sedell 1984; Elliot 1986) and an
increase in sediment load (Bjomn e d. 1977, Lide 1982, Everes e d. 1987; Lide and Hilton
1991). Woody debris creates complex pool types such as plunge and dammed pools (Bisson et
al. 1982) and correspondingly, streams with less wood have an increased proportion of scour
pools (Bilby and Ward 1991; Ralph et al. 1991).

Indices of pool abundance and character vary considerably between studies (Table 7).
Of these indices, percent pools (percentage of the wetted surface area which is comprised of
pools) is the most common. This measure shows a srong postive correlation to coho par total
densities (Murphy 1983; Carman et al. 1984) and decreases as aresult of debris torrents and
clear-cutting (Heifetz et al. 1986; Johnson et al. 1986; Tripp and Poulin 1986b). Total pool
volume is also related to fish abundance and forest practices, however, data for this index in
unmanaged forest is not as extensve. “Primary pool” is a narrow definition of pools that one
would expect to find in a low gradient meandering channe form on the outsde of each meander
bend (Keller and Melhom 1973, 1978). As such it is expected that this parameter would be
relaively insengtive to management influences except in extreme cases and should not be used
to describe desrable  conditions.

Target condition

Percent pools and pool frequency vary considerably in surveys of streams draining old
growth forests (Tables 8a, 8b and 8¢; Figure 9) and some of the variation in these values is
likely due to variation in pool identification criteria (Table 9). Studies using the habitat
classfication system of Bisson et al. (1982) indicate percent pools in unmanaged streams usudly
ranges from 39% to 67% (Table 8a). The lower pool percentages of Tripp and Poulin (1986b)
and Carlson e d. (1990) may be an atifact of different pool identification criteria (Table 9) and
the higher values of Grette (1985) are likely due to the inclusion of runs and glides in pool
percentage  caculations.

Based on data collected using the closdy related pool classfication techniques of Bisson
e al. (1982) and Sullivan (1986), a target condition of 50% pools is generdly indicative of pool
habitat observed in streams with gradients < 3% draining unmanaged forests (Table 8a). Pool
percentage decreases with increasing channel gradient (Table 8a Figure 9; Beechie unpublished
data) but data are insufficient at this time to establish a target condition for steeper streams
(>3%). Further analysis of stream pool percentages by gradient in the 1991 Ambient
Monitoring data base may dlow the determination of target conditions for streams > 3 %.
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Surveys of managed streams indicate that pool percentage fals below 50% in the mgority
of impacted basins (Heifetz et al. 1986; Beechie and Sibley 1990b; Ralph et a. X991; Figure
9). Of surveyed dreams within the Stillaguamish and Snohomish River systems having gradients
< 3%, 9 would meet atarget, condition of >50% pools while 13 would fall below this level
(Beechie unpublished data). In this survey, 3 managed streams with gradients >3% all had
<30% pools. Percent pools in 4 managed Skagit River watersheds ranged from 9 to 32
(Beechie and Wyman 1992).

Methodol oey

Criteria used to identify pools vary widdy in the scientific literature (Table 9). The pool
classification system of Bisson et al. (1982) appears to be sensitive to management response
@Bilby and Ward 1991) and relates well to preferentid use by different species and age classes
of salmonids (Bisson et al. 1988). This system had-been widely accepted and we recommend
its continued use in monitoring programs designed to assess the cumulative effects of forest
management.

Surveys of pool habitat should specify the relative area of different pool types as well as
overall pool percentage. As some measure of pool volume could also form the basis for
additiona target conditions, surveys should include resdud pool depth (Lide 1987) as wdl as
surface area dimensions. Dueto the role channel width and gradient play in pool maintenance
and character, these factors should be noted in association with each pool. Pool area depends
on stream stage (Beechie and Sibley 1990b) and in order to standardize measurements, surveys
should be conducted during summer low flow periods.

Recommendations

1. Thetarget condition for the percentage of the stream surface area comprised of poolsis
50%. This target condition applies only to streams with gradients <3%.

2. Limited data and large variability have not alowed precise determinations of pool percentage
target conditions for streams with gradients > 3 %. However, we believe that the analysis
presented in Figure 9, using data from Ralph et al. (in preparation), may form the basis for
specific target conditions in streams with gradients between 1% and 18 % .

3. Measurements of pool area should be made at summer low flow and follow the convention
of Bisson et d. (1982).

4, While percent poolsis used in the specification of atarget condition, average pool volume
or total pool volume by channel width and gradient may provide a more sensitive indicator of
cumulative effects. Residual pool depth (Lisle 1986) may form a good surrogate measure of
pool volume.
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Substrate  Comuosition

Studies of the effects of fine sediment on the reproductive success of salmonids present a
wide aray of methodologies, texturd indices of substrate compostion and conclusons (Kondoif
1988, Young e d. 1991a; Tables 10-13). In generd, salmonid surviva-to-emergence (STE)
decreases as the amount of smal particles in the substrate increases (Lotspeich and Everest
1981; Shirazi and Sem 1981; Tappd and Bjonm 1983, Chgpman 1988, Young e al. 1991a).
These ’smaller’ Sediment sizes cause reduced STE by entrgpping devins within the streambed
and limiting inter-gravel flow of oxygenated waer to deveoping embryos, which reduces
dissolved oxygen levels and concentrates embryo waste products (Kondolf 1983, Bjomn and
Reiser 1991). Although spawning salmonids remove smaler sediments from their egg pockets
and redds (Everest et d. 1982, Young et-a. 1989), the amount of fines in the egg pocket is
related to the amount of fines in surrounding gravels (Grogt et d. 1991a). Fines continue to
accumulate in the surface layer and intrude into the redd during the incubation period (Beschta
and Jackson 1979; Grost e al. 1991).

A vaiety of foret practices are known to Sgnificantly incresse sediment delivery to
sreams (Everest et d. 1987). In some bagns, the road sysem is a primary contributor (Reid
1980; Cederhoim e d. 1981; Red and Dunne 1984; Wasserman 1988) while in others dope
falures and dream bank eroson are most influentid (Roberts 1987, Schlichte e d. 1991,
Scrivener and Brownlee 1989). Stream surveys have detected increases in fine sediment levels
with incressed logging activity and logging road densty (Cederholm et al. 1981; Wasserman
1988; Scrivener and Browniee 1989). A moratorium on logging in the South Fork Sdmon River
Basn resulted in a condderable decrease in fine sediment levels in spawning gravels (Platts et
al. 1989). Basin geology is another factor that can affect the amount of fine sediment in
sreambed gravels (Duncan and Ward 1985) and different basins often have different substrate
compostions (Figure 10).

All of the indices used to specify gravel compostion have merits and limitations. Recent
reviewers have concluded that a single measure of subgrate compostion is probably inadequate
to index both salmonid survival-to-emergence and management induced textural changes
(Chapman 1983; Young e d. 1991a; Scrivener in review). Scrivener (in review) notes tha the
sdection of a method for determining changes in gravel compostion should be based in part on
watershed sediment characterigtics. The mogt effective monitoring gpproach would be to focus

analysis on that portion of the particle size distribution that management activities are
influencing.

Recent analysis indicates that the percentage of fines less than a certain Sze done may
not be the best predictor of salmonid surviva to emergence (see Table 2 in Young e d. 1991a).
One limitation of the percent fines index is that more than one sSze fraction is damaging to
incubating and emerging sdmonids (Table 12). In fact, STE can vary dramatically at a fixed
amount of fines less than one Sze while the amount of other size fractions changes (Tappel and
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Queen Chariotie Islands Streams

& Mass wastng absent
{3 Mass wasting upstroam

O Mass wastng instrosm

South Fork Satmon River

Parcentage of substrate smatler than 9.50 mm

Figure 10: Spawning gravel composition in dreams of the Queen Charlotte Idands (Tripp
and Poulin 1986a), South Fork Sdmon Sdmon River (Tappel and Bjomn 1983),
Clearwater River (Tappel and Bjomn 1983), and Carnation Creek (Scrivener and
Brownlee 1987). From Tripp and Poulin (19864).
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Bjomn 1983; Irving and Bjomn 1984). In addition, the use of a single size criterion will not
detect changes in substrate composition which occur outside that specific size fraction. Equation
graphics (Tappel and Bjomn 1983) was designed to counter this problem by incorporating the
amount of fines less than the hvo substrate sizes which best predict overall substrate
composition. However, very few studies have attempted to apply this technique.

Geometric mean particle size (Shirazi and Sem 1981) and the fredle index (Lotspeich and
Everest 1981) are methods used to express substrate compostion which reflect the entire particle
size distribution. Both of these measures of central tendency are strongly related to STE but
appear less precise than percent tines in detecting changes in natural streambed composition
(Young et al. 1991a). However, percent finesis only more accurate in the later function if the
size criterion correctly targets that portion of the particle size distribution that is changing. Both
geometric mean particle size and the fredle index have detractors and benefactors and may
actually be equally accurate in predicting STE (Young et al. 1990; Table 11). However, the
fredleindex performs better in detecting changesin natural streambed gravels and is probably
accurate in awider range of applications(Scrivener in review).

Although percent tines less than a certain size may not be the most desirable way to
specify  substrate compogtion for predicting STE, the mgority of information on gravel surveys
in unmanaged dreams is specified in this manner. This sze. fraction has dso been identified as
one of the most detrimental to salmonid STE (Table 12) and many studies have used this
criterion (Tables 13 and 14). Target conditions are specified using percent fines< 0,85mm in
dianeter snce the mgority of data sets draining unmanaged forests are expressed in this manner
(Table 14).

Tareet condition

In the following discussion of substrate compostion, ‘fines refers to the percentage of
the substrate which is comprised of particles<0.85mm in diameter. Survival-to-emergence at
a specific amount of fines varies condderably (Table 10) and a criterion based on these studies
would arbitrarily choose a single definitive study. Since we have chosen the ecosystem approach
for setting target conditions, this does not present a problem. Cederholm and Reid (1987)
indicate that levels of fines in unmanaged streams in the Olympic National Forest averaged
6.37% and Hatten (1991) found an average of 10.86% in unaffected Hoh River tributaries.
Surveys of conditionsin the South Fork Hoh and Main Hoh Rivers detected levels of finesin
undisturbed areas of 11.38% and 14.5% respectively (Cederholm 1991). Levels of finesin
southeast Alaska averaged 9.45% (Edington 1984) and 9.65% (Sheridan et a. 1984). Vaues
observed in streams draining unmanaged forests are presented in Table 14. We have chosen a
target condition of 11% fines<0.85mm as this appears to represent the level around which a
mgority of the dtes in Washington cluster. The 11% target condition should be applied to low
and moderate gradient streams ( < 3 %) up to 30 meters in channe width.

Basin geology can have a significant effect on percent fines and this suggests that a
universal target condition applied indiscriminately across geologic boundaries may be
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inappropriate. For example, levels of fines :in some unmanaged coastal Oregon streams are
considerably higher than those, in Washington (Koski 1966; Adams and Beschta 1980; Ringler
and 1all 1988). In contrast, average fines < 1,19mm did not exceed 8% in Carnation Creek
(Scrivener and Brownlee 1989) and values in the Queen Charlotte Islands are similar to those
of Carnation Creek (Tripp and Poulin 1986a; Figure 10).

We have elected not to set a poor threshold for fine sediment and it is inappropriate to
set additiond target conditions just because it would be convenient. As with other parameters
it would merdly be an arbitrary decison in light of the diverse settings where the target condition
would be applied. We have reexamined several surveys of managed streams and the number
of streams not meeting a target level of 11% fines have been noted in Table 15. We recognize
there will be subgtantid variability and a good number of managed Sreams will likey be in the
1 1-16% range forpercent fines. Bather than blithely rely on a second threshold to denote poor
conditions, the most appropriate management response is to thoroughly investigate possible
reasons for fine sediment concentrations > 11% .

Methodology

Sampling protocols designed to compare streambed substrate condition to a target
condition requires a compromise between convenience and precision. Gravel composition in
salmonid egg pockets and rrdds differs from that in general spawning reaches and this
composition is modified during spawning (Everest et al. 1987; Chapman 1988). However, the
amount of fines in egg pockets and redds appears to be correlated to the amount of these
particles in the surrounding substrate (Grost et a. 1991a). Bulk sediment samples are only an
index to the background substrate composition and actual conditions to which the eggs are
exposed during incubation vary. Of the methods available for bulk substrate sampling, the
McNell cylinder yidds minima bias and is gpplicdble to the widest range of sampling gStuations
(Grost et al. 1991b; Young et a. 1991b),

Considerable subjectivity is often injected into substrate sampling due to the lack of
systematic positioning of sample location. To standardize site selection, sampling should take
place before spawning on transects in several spawning reaches. A standard sampling protocol
which provides information representative o:f a reach or stream has not been satisfactorily
described. A study which systematically determines these protocols based on statistical
vaiability should be undertaken. Substrate composition andyses should pass sediment through
a series of geometrically smaller sieves and the amount retained on each sieve should be
measured using the wet volumetric or dry gravimetric methods (see Everest et a. 1982). An
exacting comparison of these two methods is a research priority. To provide a thorough
representation of datafrom field surveys and STE experiments, the specification of substrate
composition should include dl avalable indices (see Young et d. 1991a for methods to express
substrate  composition).
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tions and conclusion

1. A taget condition for fines < 0.85mm is set a 11%. Although there are some documented
caes in unmanaged sreams of higher leves, the maority of cases fdl below this leve. This
target condition applies broadly to streams of different szes and gradients but as a generd rule
would be mogt gpplicable to dreams <3% gradient and between 5 and 30 meters bank full
channd  width.

2. ldedly, fine sediment target conditions should be based on naurd levels obsarved a locd
undisturbed dtes with smilar  characterigtics.

3. A sngle method for the specification of gravel qudity is inadequate to predict both salmonid
surviva-to-emergence and  management  induced changes in  subgrate  compogtion.  Future
dudies should specify substrate compostion usng a vaiety of indices (Young e d. 1991a).

4. Substrate should be sampled in potentia spawning resches prior to spawning using a McNeil
cylinder and processed using standard methodologies (Everest e d. 1982).

5. Standard substrate sampling and processing protocols need to be established to ensure
rdligbility of data being collected Satewide.

Grave Stahilitv  (Scour)

Sdmonids have evolved daborate behaviord life higory adeptations that ensure ther
aurvivd in highly dynamic sream environments. Many of these adgptations rely on the mobility
of juvenile stages. However, during their embryonic development in the intra-gravel
environment, they are not mobile and must rely in part on the gability of the streambed for ther
aurvivd.  Ste sdection and preparation of the spawning nest by the adults appears to maximize
the survivd of incubating eggs and devins (Chapman 1988, Young e d. 1989, Grost & 4.
1991). Egg buria depth is positively correlated to fish size and protection from physica
disurbance during scour events (Ottaway et a. 1981, van den Berghe and Gross 1984; Crigp
and Carling 1989).

Fluvial processes in gravel bedded riverine systems can have profound effects on the
reproductive success of sdmonids. During high flows that approximaie or exceed bank full
discharge, steambed Qravels ae mobilized causng scour (Andrews 1983). Common scour
depths (Table 16) often encompass a large portion of the range of salmonid egg burid depths
(Table 17) and didodgment of eggs can be congderable (Figure 11). In dudies of chum and
pink sdmon incubation conditions, McNell (1966, 1969) concluded that while scour varied
annualy, egg losses frequently exceed those that could be expected based on fine sediment
concentrations.  In a comparison of streams affected and unaffected by debris torrents, Tripp and
Poulin (1986a) estimated egg scour rates as high as 80-90% and concluded that in some highly
disurbed dreams, egg loss resulting from scour could be a condant and long term problem
overshadowing the effects of fine sediments. Researchers in southwest Oregon have concluded
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that streambed dtability is a sgnificant factor affecting the persistence of chinook stocks in  that
region and determined that 75% of the redds they monitored were either scoured or buried to
damaging depths (Nawa et d. 1990). Scour can aso expose deeper gravel layers to the intrusion
of fines which adversdy affect surviva-to-emergence (Beschta and Jackson 1979; Lide 1989).

Disturbance of naturd streambed stability is tied to changes in sediment and flow regimes
within a basin (Reid et al. 1985; Kondolf et al. 1991). Logging affects both these factors
(Scrivener and Brownlee 1989) and their combination is perhaps the most damaging. Increases
in the frequency of channel forming flows (those discharges likely to cause scour and fill) are
epecidly damaging because they expose the stock to mortdity schedules under which they did
not evolve. It is likely that mortality rates may be increased to levels beyond which natural
fecundity or multiple age maturing life history characteristics can compensate.

Tareet condition

The grestest limitation on the use of scour to describe gravel dtability is the large degree
of spatid and tempord vaiability (Lide 1989; Table 16). Variability within basins and between
basins with similar precipitation patterns may be due to local obstructions and streambed
composition (Kaufmann 1987; Scrivener and Browniee 1989). In order to compensate for
inherent variability, sampling must be extensive, monitoring frequent and values averaged over
several years. We do not recommend that gravel stability be used as a parameter for the
detection of cumulative effects of logging within the current proposed monitoring system.
However, a known depth of scour bears a direct relationship to the removal of eggs buried a
known depths (Tripp and Poulin 1986a; Figure 11). Therefore gravel stability may be a useful
indicator of egg loss due to high stream flows and the cumulative effects of logging if
implemented in an intensive monitoring program. Establishment  of specific target  conditions
for gravel stability could be determined through the observations of average scour depths in
unmanaged streams. Caution should be exercised in the extrgpolation of scour depth to egg loss
predictions as egg burial depth is dependent on species and female size (van den Berghe and
CGross 1984; Crisp and Carling 1988).

M ethodol ogy

Depth of scour and fill can be determined using a number of simplefield tools such as
diding-bead monitors, ping pong or golf bal monitors, crosssectiona surveys and  stand-pipes
(Duncan and Ward 1985; Lise and Eads 1991; Nawa and Frissell 1991). In a unique study
done for the Seattle Water Department (1991) researchers used buried radio transmitters at
specific depths to relate discharge to specific scour depths. The percentage of eroded stream
banks correlates well to the extent of streambed instability in southwest Oregon and may be a
valuable surrogate measure for streambed stability (Chris Frissell personal communication).
Currently, we recommend the golf ball monitor (Tripp and Poulin 1986a) to monitor scour in
salmonid streams.
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Recommendations and Conclusions

1. Depth of scour can critically affect long term viability of salmonid stocks and is frequently
more Severe in intensvely managed systems.

2. The intensive nature of sampling required for the accurate and precise determination of
gravel scour depth precludes its present use in a widespread monitoring program.

3. An acceptable field technique for the measurement of scour in salmonid streamsis the use
of plastic golf ball monitors (Tripp and Poulin 1986a). Percent streambank erosion may be a
reasonable surrogate variable for streambed instability (Frissell pers. comm.}. Additiona
research needs to be done to develop protocols for use in awidespread monitoring program.

Busretitial

Subgrate “roughness” and interdtitid  space ae important factors influencing the rearing
densities of several species of salmonids. Steelhead, Atlantic salmon, chinook, cutthroat, brook
trout and brown trout have al been shown to prefer stream substrates with interdtitid voids (see
review in Chapman and McLeod 1987). Age( Atlantic salmon and steelhead often seek refuge
within the substrate especially during low winter stream temperatures (Hartman 1963, 1965;
Everest 1969; Kelley and Dettman 1980; Rimmer et al. 1981; Cunjak 1988). Experimentally
induced reduction of interstitial voids with coarse sands in a natural stream has resulted in
reduced juvenilesalmonid densities (Alexander and Hansen 1983).

Although the general value of “interstitial space” is well established for several
sdmonids, especidly the young-of-the-year age class, quantification of this parameter and its use
as an indicator of management impacts, is currently’ restricted to Idaho. We believe this
situation is the result of a combination of two factors; 1) interstitial space appears to be an
especidly important locd variable considering the snow met dominated hydrograph, cold winter
water temperatures and demonstrated winter- behavior of juvenile salmonids to hide in the
substrate and 2) coarse granitic sands produced by erosion in watersheds draining the Idaho
baholith are especidly prone to filling streambed interstices.

In the rain dominated hydrographic regions of Washington, it is not clear that hiding in
the substrate would be an advantageous behavior for juvenile salmonids since the streambed
gravels are often mobilized by high flow events. Rather, evidence from the Olympic Peninsula
suggests that young-of-the-year trout seek refuge in small runoff tributaries (Cederholm and
Scarlett 1982). In some areas of eastern Washington with snow melt dominated hydrographs
and cold winter water. temperatures, subdtrate interdtitid space may be a favored winter refuge
for some sdmonids, however, no information exists for this area

Management activities that increase fine sediments are well known (Cederholm et al.

1981; Reid and Dunne 1984; Scrivener and Brownlee 1989). Several studies have concluded
that locd inputs of fine sediment reduce interditid space (Bums 1984; Potyondy 1988; Ries et
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al. 1991). However, direct correlations between forest management and interstitial space or
percent cobble embeddedness(PCE) have not been established. This may, in large part, be due
to the substantid spatid and tempora varigtion of these varidbles (Potyondy 1988, 1991, Parker
et al. 1989; Rieset al. 1991).

Tareet condition

Before interdtitid space target conditions could be set in Washington, this habitat festure
would have to be demonstrated to have biological significance to salmonids of theregion. A
sysematic examination of the importance of this atribute by species and hydrographic condition
is desrable Basdine inventories should be conducted to edtablish naturd levels of interdtitia
space in all areas of Washington. These surveys should initially be focused on streams not
influenced by management  activities.

Methodol oey

Measurements of interditid space can be expressed using percent cobble embeddedness
(PCE) (Buns and Edwards 1985; Burton and Havey 1990), ocular embeddedness (Torquemada
and Platts1988), number of free-matrix particles(Ries et al. 1991) and interstitial space index
(IST) (Vadeboncoeur 1988). Of these indices, ISI is the most sensitive to change and bears the
closest relationship to the habitat requirements of juvenile salmonids (V adeboncoeur 1988;
MacDonald et al. 1991). The specification of mean particlesize in conjunction with IS1 may
provide a vauable indication of the relaive complexity of avaldble interditid space.

Measurements of IS1 (or PCE) can be made a random sStes (Bums 1984) or on transects
(Skille and King 1989) and each rock can be treated as a single measurement or values can be
averaged for a hoop (Skille and King 1989). Corrections for samples with > 10% sand are adso
useful (Torquemada and Platts 1988). If studies are undertaken to categorize interstitial space
in the state of Washington, we recommend the use of the transect methods of Skille and King
(1989) and that vaues be specified in IS1 units (Vadeboncoeur and Kramer 1988). Due observed
variability, Ries and Bums (1989) suggest that data must be collected over a minimum of five
years in order to adequately describe interdtitidl space conditions and trends.

Measurements of interstitial space were developed for watersheds with coarse granitic
sand and are not appropriate in basaltic streams (Bums and Edwards 1985; Potyondy 1988).
Due to limitations of sampling methods, embeddedness and ISL measurements are best gpplied
to streams > 6m wide (Potyondy 1988) with gradients< 3% (Skille and King 1989).

Other methods which monitor the levels of fine sediment in a stream may also serve as
good indicators of a loss in interdtitid space. In addition, other measures of textura compostion
of the amor layer may provide accurate indexes of interditid space. A relativey new technique
which measures the percent of the residual pool volumefilled with fine sediments (Lisle and
Hilton 1991), may be a good indicator of the effects of fine sediments on a variety of important
habitat components. We believe this method has promise asan index for: 1) the loss of pool
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rearing space due to filling with fine sediments, 2) the amount of tine sediments likely to be
mobilized, transported across and entrained in freshly spawned areas of the stream and 3) the
loss of interdtitid voids in the subdrate.

Recommendations and Conclusions

1. Data on interstitial space in the state of Washington is lacking. We do not currently
recommend interstitial space as a monitoring parameter and no target condition can be set.

2. Interdtitid space is an important component of juvenile seelhead rearing habitat and is dso
beneficial to other species. Future research in Washington is warranted, but must be specific
to hydrographic  region.

3. Monitoring of interstitial space or cobble embeddedness has the greatest application in low
gradient streams ( < 3 %) draining watersheds with westhered granitic geology.

4. Interstitial Space Index (ISI) is more sensitive to change and bears a closer relationship to
salmonid habitat requirements than Percent Cobble Embeddedness (PCE). Future research
should specify vaues in ISI. Specifiction of mean paticle Sze may be a vauable supplement
to the categorization of interditid space.

5. ISI measurements should be made using the techniques of Vadeboncoeur and Kramer (1988)
and the sampling design Skille and Ring (1989).
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ADDITIONAL RESEARCH NEEDS

1. A sysem of dream classfication that will alow appropriate draification of streams
for the purposes of assgning target conditions for a wide range of parameters.

2. Surveys of habitat conditions in streams draining unmanaged forests of differing
geomorphic, climatic and geologic settings. These surveys must be done in a systematic manner
and fit into a pre-defined sratification sysem. |f they are not conducted in this manner their
utility to a target conditions approach to channel evaluation will be limited. These surveys
should be done on a basin scde and include but not be limited to the parameters identified in this
report. Ralph et al. (1991) and MacDonald (1991) should be consulted for information on
conducting quality, replicable dream  surveys.

3. Surveys of streams in managed forests should be conducted for comparison purposes.
These surveys should be conducted in basins that have been stratified by natural watershed
sensitivities (soils, slopes and elevations) and the level of forest management (stand age
distribution and road density). The Olympic National Forest has aready stratified their
watersheds in this manner on a GIS and would serve as a good template. This study design may

be a simple yet elegant way to begin collecting data to corroborate or disprove some of the
existing notions about CEs.

4. Other parameters that would fit well into the ecosystem approach of setting target
conditions are measures of channel geometry and basin hydrology. Orsbom (1990) should be

consulted for these concepts. A good example of their gpplication to the assessment of channed
condition is Madg (1978).

5. Sandardized sampling protocols are needed for a variety of methodologies.

a Protocols for substrate sampling using a McNeil cylinder which produce values
representative of a spawning area, reach, and basin need to be systematically determined.

b. A compaison of the merits of wet volumetric and. dry gravimetric methods for the
processing of subsrate samples needs to be made in order to establish a standardized method.

c. A definition of large woody debris which is based on its ability to influence channel
morphology and fish abundance would be awelcome addition.

6. Severd methodologies may form the bass for rapid and reliable surrogate measures
of more detailed and time consuming instream parameters.

a. Percent pool filling with fine sediments (Lide and Hilton 1991) may form a surrogate
measure for the influence of sedimentation on pool loss, spawning substrate composition and
Iinterstitial space. The use of these technique as a surrogate for these variables needs to be
examined. Values for unmanaged streams in Washington need to be established.

b. Percent bank erosion may form a surrogate measure for streambed stability and would
be widely applicable in awidespread monitoring program (Chris Frissell pers. comm.).
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TABLES

Table 1: Relative contribution of LW to pool formation. Criteria
used to define LW (Table 4) and pools (Table 9) vary between
studi es.
AUTHOR DATE $ OF POCLS FORMED BY LWD LOCATI ON
Andrus et 1988 70 coastal
al . Oregon
Bi | by 1984 80 southwest
. Washington
Carlson et 1990 64 nort heast
_ al.. Oregon
Grette 1985 61.8 (unlo?ged) Olympic
33.3 (young 2*-growth) Peninsula,
31.7 (middle-aged 2*~growth) | Washington
_ 40.5 (o0ld 2%-growth)
Heif(—.l‘.tz et 1986 73 Alaska
al .
Keller and 1979 50-90 northwest
Tal ly California
Mur phy 1983 69 (ol d-growth) sout heast
87 (buffered) Alaska
—_ 63 (clear-cut)
Rainville et 1985 80 Idaho
_ al . Panhandle
Ral ph et al. 1991 50 (gradient/confinement=1) Washington
63 (gradient/confinement=2)
52 (gradient/confinement=3)
o 40 (gradient/confinement=4)
Tripp and 1986b 73 {non~-debris torrented) Queen
Poulin ) 40 (debris torrented) Charliottes
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Tabl e 2a: LWD frequency (pieces/channel w dth) in unnmanaged

streans. Blank cells indicate no values could be specified.
Criteria used to define LWD vary between studies (Table 4).
[CRANNEL] 1 ] ¢ 3 | 4 5 6 7 8
W DTH | | | |

1 + 1.2

2

5 0.46 1.15

4 2.44 | 1.15

5 2.38 { 1.23 3.1 5.47

6 2.33 '

7 2.28 ] 2.59

8 2.25 2.92 2.42 2.21°

9 2.22 ] 3.61

10 2.19 | 3.12

11 2.16 2.2 .42 | %8

12 2.14

13 2.12 | 4.35 3.20

14 2.10

15 2.08 2.53 2.13

16 2.07

17 2.05 ,

18 2.04 | 7.02 | 3-95

19 2.03 6.45 209’

20 9.03

21

22

23

>23 10. 88 7.33 14. 38 0.69

(26m) {24m) {31m)

F—##wﬁ_
fa: ALl values converted to pieces/channel width by multiplyi™

channel width (m and the nunber of LWD pieces/ m(pieces/ mderiv
fromstudies | -8, |isted bel ow Tabl e 2b).
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Table 2b: Large woody debris frequency (pieces/100m) in unmanaged
streans by channel wdth. Blank cells indicate no values could be
speci fi ed. Citeria wused to define LW vary between studies (Table
4) .
CHANNEL 1 2 4 5 6 7 8
WIDTH
(m) . N R R R .
1 60'
2
3 18.4 48
4 61.05 25
5 47.56 25 62 52
6 38.77
7 32.62 37
8 28.09 38.9 25.5 26°
9 24.62 41
10 21.88 32.8
73
11 19.66 20 31.1
12 17.84
13 16.31 34 25.6
14 15.01
15 13.89 17.3 14.6
16 12.92
17 12.08
18 11.34 39 | 22.6
19 10.66 34.3 11t
20 44.5
21 !
22
23
>23 42 30.17 | 45.8 3°
[26m) (24m) | (31m)
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Description of studies in Tables 2a and 2b

1.

w N

~N o W
- - - »

Bilby and Ward (1989)~values determned from the regression
log, LWD frequency = -1.12 log,, channel width + 0.46

Robi son and Beschta (1990a)

Estimated from plots in Sullivan et al. (1987) based on data
from Dinicola (1979)

Ralph et al. (in preparation)-1991 anbient nonitoring data
Cederholm et al. (1989)

Mirphy and Koski (1989) _ _ .

Fox (19%2)-in the calculation of pieces/channel wdth for each

stream size range, width was considered to be the m dpoint of
that range

Bil by and Wasserman (1989)

' estimated values

¥ data fromBil by (1985)

¢ data from Cederholm (pers. comm.}-width considered to be 2m
for the calculation of pieces/channel wdth
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Tabl e 3a:

Large woody debris frequency (pieces/100m) by channel
gradient in

unmanaged streans.criteria used to define LW vary

between studies (Table 4).

GRADIEN'I—' (%) Robison and Sullivan et Mur phy and
_ Beshta (199%0a) al. (1987)* Koski (1989)
0.5 42 45.8
44.5, 29.5,
1.0 34 14.6
1.5 25
2.0 25 31.1
2.5 41
3.0 20 32.8
3.5
4.0 37, 39
4.5
5.0 62 _ _ o
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Tabl e 3b: Large woody debris (pieces/channel wdth) by channe
gradient in unmanaged streans. Criteria used to define LW vary
between studies (Table 4).

e

GRADIENT (%) Robison and Lillivan et Murphy and
_ Beschta (1990a) al. (1987)* Koski (1989)
N 0.5 10.88 14.38

4.35 9.03, 2.42,
1.0 2,13
1.5 1.23
2.0 1.15 3.42
2.5 3.61
3.0 2.2 3.12
3.5
4;0 2.59, 7.02
4.5
| S I LT S S—

¢ Values estimated from plots in Sullivan et al. (1987) after data
from Dinicola (1979).

Note : Al values converted to pieces/channel wdth by mltiplying
channel width (m and the number of LW pieces/m
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Table 4: Citeria for the neasurenent of |arge woody debris used in
different studies.

AUTHOR DATE | DIAMETER | LENGTH LOCATI ON
%_____.__.___J_...-___J_.___(_‘L_L_ (m)
T_r_@
Andrus et 1988 >10 | >1 coastal Oregon
al. |
Beechie and | 1990b >20 >1.5 north Cascades
Sibley
Beechie and 1992 >10 >2 Skagit River system
Wyman
Beschta and 1991 >15 >2 central Oreqon
Veldhuisen Coast Range
Rilby and 1989 >10 >2 western Washi ngt on
Ward '
Bilby and 1991 >10 >2 southwest
Ward Washington
Bi sson and 1984 >10 <3 western Washi ngton
Sedall =3
Bryant 1982 >10 none southeast Alaska
Carlson et 1990 >10 >1 northeast Oregon
al.
Cederholm et | 1989 >10 >3 Olympic Peninsula
al.
Cederholm 1985 >10 >3 Olympic Peninsula
and Peterson
Fox 1992 >10 >3 Mt. Rainier
Natiocnal Park
Froehlich 1972 >10 >0.3 Qregon Cascades
Grette 1985 >10 >3 western Olympic
Peninsula
Kouse and 1986 >10 none Tobe Creek, Oegon
Boehne
House and 1990 >15 >3 Tillamook County,
Crispin Oregon
Keller and 1979 >10 none western Oregon,
Swanson Indiana, and N.C.

41



b

Lestelle and } 1984 >10 none Clearwater River
Cederholm headwaters
Lienkaemper 1987 >10 >1.5 Oregon Cascades

and Swanson
McMahon 1991 >5->20* >1- Oregon
»>2.4"
Murphy et 1986 >10 >1 sout heast® A aska
al.
Murphy and 1989 >10 >1 sout heast Al aska
Koski
Osborn 1981 >10 >0.3 Clearwater River
drainage
Potts and 1990 >10 none western Montana
Anderson
Ralph et al. 1991 10-50 >3 Washington
Ralph et al. " 10-50 >3 Washington
Robison and | 1990a >20 >1.5 southeast Alaska
Beschta
Criteria differed in different studies included in the data base

1991 anbi ent
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Table 5: Large woody debris frequency (pieces/channel
exi sting stream surveys of managed forests.
define LWD vary between studies (Table 4).
CHANNEL 1 2 3 { 4 5 6
WIDTH (m) -
4 1.95 1.39 1.20 0.31
5 1.80 i1.32 5 1.80 1.51
6 1.68 1.26 | 3.20
7 1.60 |1.22 3.38
8 1.53 1.18 2.13 2.84 2.51
] 1.47 1.15 2.88 3.63 0.31
10 1.41 1.12 3.17 2.63 1.20
11 1.37 1.10 3.24
12 1.33 1.08 | 1.99 2.39 4.68
13 1.29 1.06 4,64
14 1.26 1.04
15 1.23 1.02 | 3.32 3.02 6.23
16 1.20 1.01 | 0.78
i7 1.17 0.95 5.51
18 1.15 ©.98 | 3.46 4.32
19 1.13 0.97 1.51
20 1.11 0.96
21 1.09 .95
22 1.07 0.94 12.4
23 1.06

channel width (m and the
from the studies listed below

Note: All values converted t lLeces/channel w
nur?m}? of /LV%

pi eces rcr%uz pklagc

width) in
Criteria used to

mul ti
es/'m

ert'v8



Description of studies in Table 5

1.

[32 QYT

Based on Bilby and Ward's (1991) regression for clear-cut
(log,,LWD frequency = -1.35 channel. width + 0.50)

Based on Bilby and Ward's (1991) regression for second-growh
(log, LWD frequency = -1.23 channel. width + 0.28)

Cederholm et al. (1989)- Qynpic Peninsula
Cederhol m and Peterson (1985)- dynpic Peninsula

Beechi e (unpublished data)- 1988-1990 Stillaguam sh and
Snohom sh system survey
Beechie and Wnan (1992)~ averaged at each channel wdth over
4 Skagit R ver watersheds




Tabl e 6: Average debris volume index (w* per LWD piece) in
unmanaged and nmanaged stream surveys. Qiteria used to define LW
vary Dbetween studies (Table 4).
CHANNEL 1 2 3
WIDTH (m) unmanaced unmanaged mahaged
4 0.25 1.4 0.29
5 0.48 1.5 0.51
6 0.71 0.31
7 0.94 0.32
8 1.17 0.54
9 1.40 1.5 0.33
10 1.63 0.49
11 1.86 0.64
12 2.09 0.71
13 2.32 1.8
14 2.55
15 2.78 0.59
16 3.01 0.26
17 3.24
18 3.47 0.52
19 3.70 0.55
20 '
21
22 0.78
>22 2.4 (26m)
Description of studjes in Table 6
1. Based on Bilby and Wrd s (1989) regression (debris volune
index = 0.23*channel wdth « 0.67) for western Wshington
2. Robison and Beschta (1990a) for unnanaged streans in southeast
3. BeAelc%isga (unpublished) for managed streans in the Stillaguam sh
and  Snohomsh  basins.
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Table 7: Presentation of pool frequency and character in fisheries
literature
AUTHOR DATE POOL  CLASSI FI CATI ON LOCATI ON j
Andrus et al. 1988' total pool volune, pool coast al
vol une Oregon
Beechie and 1990a’ % pool area north
Sibley Cascades
Beechie and 1990b° § pool area north
Sibley (regressions) Cascades
Beechie and 1992° % pool area, prinary Skagit River
Wyman- pool frequency system
Bilby and Ward 1989* % surface area of a western
pool Washington
Bilby and Ward 1991* % surface area of a southwest
pool, LWD/pool Washi ngt on
frequency
Cardoso and 1991° % pool area, relative Washington
Ral ph pool frequency |
Carlson et al. 1990 pool frequency, % pool nort heast
area, pool/riffle Oregon
ratio, total pool
val.une
Canaan et al. 19844 % pool area Capitol
Forest, WA
Fox 1992° '‘primary' pool Mt. Rainier
frequency National Park
Grette 1985° $ surface area of a Olympic
pool, pool frequency Peninsula
Hogan 19864 pocl spacing, relative Queen
poel depth Charlottes
Kauf mann - 1987¢ residual po0l1 vol une Oregon Coast
Range
Lisle 1986* pool frequency, Prince of
residual pool depth, % |Wiles Island,,
of channel length Alaska
Ralph et al. 1991¢ relative frequency,, % Washington

pool area
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Sedell and 1990° pool frequency Columbia
Everest River basin
sullivan et 1987 % pool area Deschutes
al. River basin
Tripp and 1986h¢ % pool area Queen
Poulin (regressions), pool Charlottes
depth
e e e ————

published in refereed literature
tribal survey

thesis

agency report

unpubl i shed sunmary data




Table 8a:

Pool

percentages (% of

stream surface area conprised of

pools) in unmanaged streans by channel wdth and gradient.
Criteria used to define a pool vary considerably between studies
(Table 9).
AUTHOR DATE | POOLS | BANK FULL | GRADIENT LOCATION
(%) | WIDTH (m) | (%)
Bilby and 1987 58.8° not not Deschutes
Bisson indicated | indicated | tributary
Carlson et 1990 28 4.1 2.0 nor t heast
al. 39 4.0 2.1 Oregon
21 4.5 3.5
27 6.1 3.8
29 4.5 4.4
12 4.1 4.5
16 2.3 5.4
37 4.0 5.6
20 3.8 6.5
18 3.8 7.1
12 3.0 7.4
Grette 1985 81.1 not 0.8~1.5 Olympic
indicated Peninsula
Heifetz et 1986 56° X = 6.5 0.1-3.0 sout heast
al. Alaska
Johnson et 1986 49¢ not 2.5 southeast
al. indicated? Alaska
Murphy et 1984 39° 8.3 1.0° sout heast
al. s0° 10.3 Alaska
67¢ 6.6
Ralph et al. i 51° 3-19 1-18 Washington
Tripp and 1986b | 32.7 not 1.1-6.0 Queen
Poulin 25.7 indicated 2.7=9.2 Charlottes
Sullivan et 1987 20 11 3 Deschut es
al. (after 30 18 4 River
Dinicola €5 7 4 Basin
1979) 40 5 5
* from Murphy (1983)
® fsom Koski (1984)
* used pool classification system of Bisson et al. (1982) or
Sullivan (1986)

d

this streamis a subset of those described by Heifetz et al.

(1986)

in preparation (1991 anbient

monitoring data)
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Table 8b: Pool fre uenpg (nunber per 100m) in unmanaged streans by
gradient and channel wdth. Criteria used to define a pool vary
considerably between studies (Table 9).
L AUTHORO DATEC| POOL& GRADIENT | BANK FULL |O N
/100M (%) WIDTH (m)
Bilby and 1991 17.38* 1-18 5 southwest
Ward 9.77" 10 Washington
5.49* 15
3.09* 20
Carlson et 1990 8 2.0 4.1 nor t heast
al. 18 2.1 4.0 Oregon
36 3.5 4.5
8 3.8 6.1
17 4.4 4.5
11 4.5 4.1
10 5.4 2.3
29 5.6 4.0
10 6.5 3.8
13 7.1 3.8
13 7.4 3.0
Grette 1985 7.9° 0.8=1.5 not Olympic
indicated | Peninsula
Sedell and | 1990 2.42° not not Columbia
Everest indicated | indicated River
Basin
* LWD associated pool frequency determned using the regression
log,;pool frequency = =0.05%channel width + 1.49 from (Bil by

and Ward 1991)
b nunmber of

¢ nunber

pool s >lom?

of pools >3 feet deep and >25 yards
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Table 8c: Pool spacing (nunber of channel w dths between pools)in
unmanaged  streans. Citeria used to define a poo vary
consi derably between studies (Table 9).

AUTHOR DATE POOL BANK GRADIENT LOCATI ON
SPACING FULL (%)
{ CHANNEL WIDTH
WIDTHS) _(m)
Bilby and 1991 1.15* 5 1-18 southwest
Ward 1.02* 10 Washington
1.21° ' 15 '
1.62* 20
- Carlson et 1990 3.05. . 4.1 2.0 northeast
al. 1.39 4.0 2.1 Oregon
0.62 4.5 3.5
2.05 6.1 3.8
1.31 4.5 4.4
2.22 4.1 4.5
4.35 2.3 5.4
0.86 4.0 5.6
2.63 3.8 6.5
2.02 3.8 7.1
2.56 3.0 | 7.4

Note: Pool spacing = (100/channel width)/(# of pools per 100m)

t  LWD associ ated pool spacing converted from Bil by and Ward's
(1991) regression
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Tabl e 9: Criteria for
different studies.

_____AUTHOR I DATE i POOL  CRITERIA

the identification of pools used in

e e ——

volume >1m’, average depth >30cm

Andrus et al. 1888
Beechie and 1990b after Sullivan (1986)
Sibley -
Beechie and 1992 primary ioools - wdth >50% | owflow
Wyman channel width, depth >36" (>24" small
streams); all pools - after Bisson et
al. (1982) and -Sullivan (1986)
Bilby and 1987 after Bisson et al. (1982)
Bisson
Bilby and Ward 1989 after Bisson et al. (1982)
Bilby and Ward 1991 after Bisson et al. (1982)
Bisson et al. 1982 identified 6 pool types based on
nmechani sms  of formation and _norphol ogy
Bisson et al. 1988 after Bisson et al. (1982)
Carlson et al. 1990 relatively still water where stream
bottom is concave and both length and
width were >.5 summer stream wdth
Carman et al. 1984 habitat divided into either pools or
riffles, pool quality rating after
Platts 1979
Fox 1992 primary pool's = width >50% | owfl ow
channel width, depth >3e%
Grette 1985 smooth-surfaced habitats characterized
' by low velocities (included glides and
runs)
Hogan 1986 "low areas'
Heifetz et al. 1986 after Bisson et al. (1982)
Johnson et al. 1986 after Johnson and Heifetz(l985)
Kauf mann 1987 after Bisson et al. (1982), 'with
modi fi cations'
Lisle 1986 residual depth >0
Murphy et al. 1984 after Bisson et al. (1982)
Ralph et al. 1991 after Sullivan (1986}
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Sedell et al. 1984 after Duff and Cooper (1976)

[
Sul l'i van 1986 identified 5 pool types based on flow
characteristics, area and cause of
formation

Tripp and 1986b 1981, 1982 - areas with greatest
Poul i n depth, low gradient and placid surface
1983, 1984 - after Bisson et al.
(1982)
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Table 10: Approximate survival-to-enmergence of salnmonids at 11%
and 16% fines <0.85mm estinmated by eye fromfigures and summary

data presented in reviews or original research.
AUTHOR DATE SPECIES TYPE OF % SURVIVAL % SURVI VAL
I I STUDY AT 11% AT 16%
FI NES FI NES
N ~ B <0.85mn <0.85mm
Irving and | 1984 | cutthroat lab 0-40* not
Bjornn indicated
Irving and | 1984 rainbows lab 10-36" 0~-18*
Bjornn
Reiser and | 1988 chinook- | ab 10 5
White greem
eggs
Irving and | 1984 kokanee | ab 17-70* 0-50*
Bjornn
Tappel and | 1983 chinook | ab 22->80" 072
Bjornn
Cederholm | 1981 coho | ab 24 X
et al.
Reiser and | 1988 | steel head lab 24 20
White ~green
eggs
Tappel and | 1983 | steel head! lab 39-71* 7-42"
Bj ornn
Ceder hol m 1981 coho field 46 38
et al.
Tagart 1976 coho field 54 34
Reiser and | 1988 | steelhead lab 60 58
Wite -eyed
eggs
Koski 1966 coho field 70° 54°
Hal | and 1969 coho field not 59
Canpbel | indicated
* Range of values for survival to energence depends on % fines
<9.5mm (Tappel and Bjornn 1983), values estimated from
isolines predicting survival-to-enmergence based on observed
val ues

b data presented in Chapnan (1988)
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Table 11: Ceneral conclusions from studies examning the relative
benefits of different substrate conposition indices to predict
salmonid  survival -to-energence and changes in st reanbed
conposi tion, Note that these studies include original research,

reviews of existing data and theoretical discussions (see
description of studies below table).

| esend:

F - fredle index, D = geometric nean particle size., % fines - the
percent of substrate smaller than a particular size, > -index on
the left of this synbol is a better predictor than that on the

right, = -differences between the two indices could not be
determined
AUTHOR DATE SURVIVAL~TO- CHANGES I N
EMERGENCE STREAM BED
Bescht a 1982 F>D= %fines
Chapnan 1988 F>0D
Lot speich and 1981 F>D
Ever est
Scrivener in review F> D =% fines
Shirazi and 1981 D= % fines D > % fines
Seim
Young et al. 1990 F=1D
Young et al. 1991a D>F>%fines ¥ fines > F = D |

Description of studies _ o

Beschta (1982) = used data from past studies to comment on Shirazi
and Seim (1981)

Chaprman (1988) = reanalyzed .field and |aboratory. studies to
determne the relative benefits of D and F

Lot speich and Everest (1981) = used D and F to express conposition
of |laboratory mxtures and related F to data from previous
st udi es.

Scrivener (in review) = conparison of nethods using existing
Carnation Creek freeze-core data and estimates of STE from fry
enm gration and snorkel surveys

Shirazi and Seim (1981) = expressed data from previous studies
using D and conducted stream sanpling

Young et al. (1990) ~ reanalyzed Phillips et al.'s (1975) and
Tappel and Bjornn's (1983) STE data.

Young et al. (19%1a) - 1. TE in" artificially constructed egg
pockets (centrums) in troughs with 3 replicates of each of 31
different substrate conpositions over 2 years.

2. Freezecore, McNeil cylinder, and shovel sanples from egg
pockets, redds and next to redds from 2 creeks over 3 years
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Table 12: Substrate size fraction with the highest correlation to
salmonid survival -to-energence in studies conparing the use of

several different size fractions to predict survival-to-energence.
R B e ———————
AUTHOR DATE SPECIES TYPE OF { MOST DAMAGING SIZE
i N STUDY FRACTION (mm)
Irving and 1984 kokanee, lab CO. 85
Bjornn rainbows,
cutthroat
Koski 1966 coho field <3.33
Reiser and 1988 st eel head | ab CO 85
White and chinook
|_Young et al. | 1991a | cutthroat <6.3 and <3,35
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Table 13: Studies examning salmonid egg and alevin survival wth
respect to percent fines.
AUTHOR DATE FI NES SPECI ES COMMENTS
CRITER A
(mm)

e —————————————— |

Bjornn 1969 <6.35 chinook, STE of green eggs
steelhead and alevins in
troughs
Burton et 1990 <6.3 chinook, STE of eggs in egg
al. rainbows baskets placed in
natural redds
Cederholm 1979 <0.85 coho STE of eggs in
and Salo troughs
Ceder hol m 1981 <0.85 coho STE of eggs in
et al. troughs and natural
redds
Hal | and 1969 <0.83, steelhead, | STE of eggs and fry
Campbell 1.0-3.0 coho in troughs and
natural redds
Hausle 1873 <2.0 brook STE of eggs in
trout troughs
Hausle and 1976 <2.0 brook STE of alevins in
Coble trout troughs and eggs in
natural redds .
Irving and 1984 <0.85, cutthroat, STE of water=-
Bjornn <6.35 rainbows, | hardened enbryos in
and <9.5 kokanee troughs
Koski 1966 <3.3 coho emergence from
natural redds
Koski 1975 <3.3 chum STE of eggs in
spawning channel
Koski 1981 <3.3 chum STE of eggs in
spawning channel
MacCrimmon 1986 <4.0 rainbows STE of eyed eggs in
and Gots cells with constant
flow to eggs
McCuddin 1977 <6.4 and | chinook, STE of eggs in
6.4-12.0 | steelhead troughs
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NCAS| ‘ 1984 ' <0.85 , r ai nbows STE of eggs in
trouaghs
Pet er son 1981 0.06-0.5 | Atlantic STE of eggs in
and 0.5~2.2 Salmon troughs
Metcalfe
Phillips 1975 1.0~3.0 coho, STE of alevins in
i et al. steelhead troughs
Rei ser and 1988 <0.84 chinook, eyed and green egq
Wi te and steelhead survival to alevin
0.84-4.6 stage
Shepard et 1984 <6.4 bull trout STE of eggs in
al . troughs
Sowden and 1985 <2.0 rainbows - | pre-emergent fry in
Power a groundwater fed
st reanbed
Tagart 1976 <0.85 coho emergence from
natural redds
Tagart 1984 <0.85 coho emergence from
natural redds
Tappel and 1983 <0.85 chinook STE of water
Bj ornn and <9.5 and hardened and eyed
steelhead eggs
Weaver in <6.35 bull trout | artificial redds in
review natural streans
Weaver and in <6.35 cutt hr oat artificial redds in
Fraley review natural streans
Waver and 1985 <9.5. Iull trout STE in artificial
White | redds and troughs
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Table 14: (bserved values for % fines in unmanaged stream surveys.
AUTHOR DATE {FINE SIZE{ % FINES LOCATI ON
(mm)
Edgi ngt on 1984 <0,833 6.3 sout heast Al aska
6.5
6.9
7.3
9.8
12.3
12.9
13.6
Koski. - 1966 | <0.833 . 22.7 coastal Oregon
27.7
284
Sheridan et al. 1984 <0.83 |9.65+-5.19°) southeast Al aska
Ceder hol m 1991 <0.85 11.38" Main and South
14.50* | Fork Hoh River
Cederholm and Reid] 1987 <0.85 6.37 A ynpic  National
D = 2.61 Par k B
Hatten 1991 <0.85 6.6 Hoh River
11.0 Tributaries
11.0
11.2
14.5 _
Tripp and Poulin {1986a! <0.85 4.3%, 4.4 ] Queen Charlotte
4.6° 5.6° | sl ands |
Adans and Beschta. | 1980 <1 10.6-29.4" |Oregon Coast Rang:!
Koski 1984 <1 7-9 sout heast Al aska
Scrivener and 1989 <1.19 <8 Carnation Creek
Brownlee ]
Scrivener and 1989 <2.38 <15 Carnation Creek
Brownlee
Ringler and Hall 1988 <3.33 45.2 coastal Qregom
Koski 1984 <4.0 6.7 sout heast Al aska
7.4
16.0
18.4
Note that affected aleas actually had Jesis fines 1n this

study (11.35 and :11.69), °

net hods; ¢ -non-nmass

wast i ng,

Amount = »y wei'grit,

¢ used wet and dry

* mass wasting upstream
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Table 15: Cassification of previously surveyed streams in managed
forests as good or poor in terns of substrate conposition based on
proposed target condition (11% fines <0.85mm).

STUDY LOCATION STREAMS STREAMS
WTH GOOD WTH POOR
SUBSTRATE SUBSTRATE
COMPOSITION COMPOSITION
1 Nooksack River 6 10
Basin, 1982
1 Nooksack River 5 7
Basin, 1983
2 Yakima River 9 9
Basin
3 Clearwater 0 5
River Basin, ‘
January
3 Clearwater 0 5
R'ver Basin,
June

Description of studies

L. Schuett-Hanes and Schuett-Barnes (1984) Surveys of streans
drainin managed forests in the Nooksack R ver Basin

2. Watson (1991) Survey of streams draining managed forests in
the Upper Yakina River Basin

3. Tagart (1976) Data collected during survival -to-energence
studies in Cear-water River Tributaries
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Table 16: Approximate depths of gravel scour in salmonid streans
surveys.
AUTHOR DATE SCOUR DEPTH LOCATI ON
(cm) |
Lisle 1989 up to 32 north coastal
California
Nawa and 1991 x = 7.35 southwest
Frissell Oregon
Seattle Water 1991 up to at least Cedar River,
Department 22 Washington
Tripp and- 1986a - 5* Queen
Poulin 14> Charlotte
21° Islands
284
32¢
! streans no nmass wasting and |ow gradient
b streans no mass wasting and high gradient
: streans internediate mass wasting and noderate gradient
&

streans
streans

=sss&
55555

slides and noderate gradient

debri s

torrents and high gradient




Table 17: (Cbserved eqq burial depths for several salmonid Speci es.
AUTHOR DATE SPECIES EGG DEPTH LOCATION
(cm)
=]
Koski 1966 coho 17.8-27.9 coastal
Oregon
Tripp and Poulin 1986a coho 0-45 Queen
x=29 Charlottes
van den Berghe 1984 coho 8.9-26.7° Snohomish
and Gross ¥=15,3 County, WA
Tripp and Poulin | 1986a chum 0-45 Queen
x=25 Charlottes
McNeil 1962 pinks 7-37.5 sout heast
x=22.3 Alaska
Crisp and Carling 1989 | brown trout 5-12* England
Gost et al. 1991a | brown trout 2-23 southeast
¥=9-12 Wyoming®
Ottaway et al. 1981 | brown trout 0-25* England
Rei'ser and Wsche 1977 | brown trout ¥=9-12 sout heast
Wyoming®
Crisp and Carling 1989 sea trout 5-25* England and
Wales
Ottaway et al. 1981 sea trout 3-22* England
Crisp and Carling 1989 Atlantic 15-25* England and
sSalmon Wales
Ottaway et al. 1981 Atlantic i0-18" England
sa%mon

* Range of

egg burial
The sites exam ned

depths correlated to female size

in these 2 studies were
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