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ABSTRACT

Ten instream fish habitat techniques were evaluated to determ ne
whi ch nost effectively restored sal nmonid spawning and/or rearing
conditions. Structure stability was estimated based on how

i ntact each structure renmained (by percent) and its age, we then
projected useful life for each structure type. Cost in 1989
dollars was used to determne cost per unit habitat area
provided. (hserved use by spawners was used to estinmate total
number of redds per structure (over its life). Cost of providing
spawni ng habitat (cost per redd) was cal cul ated by dividing
estimated total redds by structure cost.

Habitats resulting frominstream structures were classified using
the nodified Bisson nethod and we determ ned the influence zone
of each structure using physical variables to define habitat

area.  Structures were biolqgicallg sanpl ed using direct
under wat er_ observation techniques described by Hankin and Reeves'
(1989). Two person dive teans used a "two-pass" nethod to
enunerate and classify salnonids by species and age-class (O 1+
or older juveniles, and adults), noting the presence of other
species. ~ Fish use of structure affected habitat (post-

modi fication) was conpared to use of habitats |ike those present
prior to structure placenment (pre-nodification).

Conparison of "pre-nodification" and "post-nodification" fish
standing crops resulted in a "net fish difference" which was



divided by structure cost, yielding "cost per fish reared".

Boulder weirs, the nost expensive structures investigated, did
not affect enough surface area to nmake cost per unit of affected
habi tat reasonable. Cabled cover |ogs and digger |ogs (lowest
cost structures) were very cost effective at altering physica
habitat condition. W believe cost of physically nodifylng
habitat area is only one factor that is inportant enough to
effect success or failure of a large scale habitat restoration
program  Assuming all other factors are of equal weight, |owest
cost structures can provide the "best val ue".

Mdification prescribed to restore stable spawiing habitat-needs
close scrutiny. VW believe it is essential to know how the
existing habitat is wused by spawers by conducting spawiing area
use surveys which identify redd location and quantify habitat

avai | abl e _durin% each spawning period. Boul der deflectors were
best utilized by chinook sal mon spawners, however chinook spawner
use of "traditional" structures (weirs backfilled with gravel)
was di sappointing. Backfilling of instream structures wth
suitable gravel 1s a practice that should be discontinued.

St eel head spawner use of structures which result in "pocket
water" type spawning areas were heavily used. This habitat
conf!Purat|Qn Broved nmost desirabl e when woody object cover was
readi 'y available to the spawners. The highest 'steelhead spawner
use was associated wth boulder groups wth wood and

boul der/ r oot wad groups.

W found rearing structures which provided high habitat and cover
diversity received the best response from juvenile fish. W
observed fish use over one summer and saw dramatic _unpredictable
use changes even. through this short time period. Fish rearing
needs during other seasons may differ substantially from summer
needs, therefore, suitability of nodified habitat probably also
changes. Digger logs, one of the |east cos;IK and sinpl est
structures, provided the best increase in fish standing crop
(fish/m?) for the lowest cost. W believe digger logs were wel
used by rearing fish because they are one of the nost natura
restoration structures investigated. COther structures which were
wel | used (small weirs, deflectors, and boul der groqu Wt h
attached wood) also seemto closely duplicate naturally
productive habitats. H gher velocity habitat types associated
wi th boul der groups w th wood, boul der rootwad groups, and

boul der deflectors were selected by juvenile steel head and
chinook salnon. Providing overhead cover, especially if it
extends into the water where it may also be used as object cover,
seemed nost valuable for juvenile steelhead and salmon if it was
placed in a habitat type which would nornmally receive high fish
use. Placement of object cover in slow velocity areas (pool and
glide edges) had questionable value for summer rearing habitat
restoration, however we do not know what value these structures
may have during col der water high flow periods when fish seek
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slow velocity, densely-covered habi tat s

W defined the nmost cost effective method as one nmeeting
restoration objectives, providing the greatest increase in fish
use (ﬁer surface area or volume), over the longest tine period,
for the |owest cost.

We rank structures evaluated in this study (from nost cost-
effective to |east cost effective) as follows: D gger Logs,

Boul der deflectors, Small Boul der Wirs, Boul der G oups with
Wody Cover, Free Boulder Wirs, Large Boul der Wirs, Boul der
Goups, Boul der/ Rootwad Goups; Boul der/Rootwad Deflectors, Small
Boul der Weirs, and Cabled Cover Logs.
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| NTRODUCTI ON

The Klamath River system provides habitat for chinook sal mon
(Oncorhynchus  t shawyt scha), coho salnon (0O kisutch), steelhead
trout (0. nykiss), and other anadromous and non-anadronmous

speci es. The upper Kl amath system contains sal moni d spawni ng and
rearing tributaries of varying size. As a result of reported
declines in fish production over past decades, Congress enacted
the Klamath R ver Fish and Wldlife Restoration Act (P.L. 99-
552) on Cctober 27, 1986. This |law authorized the Secretary of
the Interior to restore anadronous fish populations to optinmum
levels in the Klamath and Trinity Rivers through aprogram of
fish harvest nanagement and habitat restoration

Prior to enactment of P.L. 99-552 significant investnents were
made in fish habitat restoration and enhancement by numerous
agencies and groups. Mst efforts focused on "inproving"

i nstream habitat conditions for fish spawning and rearing. A

m nor investnment was made in habitats outside the stream channel
Di sproportionately little effort has been expended to evaluate
the success, lifespan, or cost-effectiveness of instream habit at
nan]Pulat]ons. Furthur, until recently, nost instream
modiTications were nmade in response to very broad objectives
driven by scanty analyses of pre-project habitat conditions. The
need to properly evaluate habitat condition prior to prescribing
"improvements" 1s well docunented (Everest and Sedell, 1983,
Everest, et al, 1986; Bisson, 1988, and others), as is the need
to evaluate habitat condition and fish use follow ng

modi fication.

The objective of this project is to determ ne which of ten common
techni ques nost efficiently nodifies instream habitat and elicits
a positive response b%_juvenlle and adult salnon and steel head.
The ten methods of habitat nodification we evaluated (Table I)

are operating in tributaries of the upper Kl amath R ver (Figure
1).
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The following questions were formulated in an attenpt to neet the
objective:

a) Wiat physical habitat conditions result from placement
of different structure types?

b) Wat is the Fiscal Year 1989 average cost for placing
each  structure?

c) Wat is the estimated structure lifespan (based on
present structure condition and age)?

d) To what extent is structural habitat used by adult and
juvenile salnonids conpared to natural habitats in the
sane vicinity?

e) Has  structural habitat resulted in increased juvenile
and adult fish use?

1)) Wiich structure types appear to be nost cost effective
(based on observed fish use, structure cost, and
projected effective structure life)?

Table | Type and Location of Structures Evaluated, 1989.

Structure Type AKA No. structures Location

D gger Log DLG 6 MII  COeek

cover Log ca 10 Sal mon, S &E

Fks.

Free Bdr. Wir FBW 5 Hk Oeek

Lge Bdr. Weir LBW 6 Salmon, S.  Fk.

Sm Bdr. VWir SBWI/B b Indian & Beaver

Creek

Boul der Qoups BLG 10 Indian Oreek

Bldr. Gs&Wod BGW 10 Sal mon, S.  Fk.

Bdr./Rwad Qs BRG 10 Salmon, S, Fk.

Bidr. Dflctrs BLD 5 Salmon, S.  Fk.

Bidr/R.Dflctrs. BRD 5 Sal non, E. Fk.




DESCRI PTI ON CF STUDY AREAS
Gener al

The study areas described bel ow are included in a broader
“contract study area" described by West, et al (1990), except
East Fork of South Fork Salnon River and MIl Creek (Figure 1).
Reaches within the "contract study area" were used for spawning
and rearing conparitive purposes. W assuned that using the
broader contract study area in effect increased the sanple size
and should result in a higher degree of accuracy.

South Fork Sal nbn Ri ver

The South Fork Salnon study area is located in the upper portion
of the basin. Flows fluctuate dramatically, and have ranged from
a fall base flow of about 0.98 cubic neters per second (cns) (35
cubic feet per second (cfs)) to an estimated high of 252 cns
(9,000 cfs) since 1979. Cabled cover |ogs, |arge boul der weirs,
boul der groups w th wood, boul der/rootwad groups, and boul der
deflectors (Table 1) were located in the "G bson" and

"Petersburg” reaches (West, et al. ,1990.

The "G bson" reach is confined by bedrock banks that control
channel features during high discharge. Riparian canopy is dense
through nost of the area, conposed of a mx of conifer and

deci duous species that provide stream shade. The "Petersburg"
reach is a poorly confined channel that flows through a broat

fl oodplain which is probably a remant of past hydraulic mning
activities and floods, as recent as 1964, and has poor riparian
vegetative condition. The channel is w de and shallow for much
of the reach and little shade is available. \ater tenperature

| ncreases substantially between the top and bottom of the reach.
Deep pools are rare due to the nobile nature of the stream bed,
and they are associated with bedrock encroachment in the active
channel.  Extensive instream habitat restoration activities
(Jnclu?bgg the above cited projects) have occurred in this reach
since .

East Fork of South Fork Sal non R ver

The East Fork of South Fork Salnon River study area extends from
its confluence with South Fork Sal mon River upstream about 1.5km
to Ketchum Qulch. Cabled cover |ogs and boul der/rootwad

defl ectors were located in this study reach. The "East Fork"
study area is noderately confined by well vegetated banks and a
dense riparian area. Hgher velocity habitats domnate the
stream however a variety of pools are available to juvenile and
adul t sal non and steel head. |nstream habitat restoration _
activities were prescribed by a habitat assessnent conducted in
1987 which found adequate spawni ng habitat available and some

10



areas where rearing conditions were damaged by past fl ooding
&West, et al., 198). Instream structures were placed in sunmer
_98819de 1989. Structures evaluated in this report were placed
in :

El k Creek

Elk Creek, a md-Klamath tributary originating in the northern
slopes of the Marble Muntains, enters the Klamath River one mle
downstream from Happy Canp (elev. 1040). The Elk Creek watershed
Is situated entirely within the Klamath National Forest.

Bi 0- enhancenment efforts consisting of stocking and rearing began
on Elk Creek in 1984, CDF&G and the Karuk Indian tribe have
cooperatively operated a i’)uveni l e chinook rearing facility wth
the capacity to produce 40,000 snmolts annually. Between 24,000
and 28,800 yearling coho sahon have been planted in El k Creek
annual |y since 1986. Small nunbers (<4500) of steel head
fingerli kr)1gs have also been planted periodicly in Elk Ceek and
its  tributaries.

Instream restoration efforts begun in 1985 include boulder weirs
and boul der groups. Free-boul der  weirs, constructed in 1985,
were included in the structure evaluation (Table 1). All

i nstream restoration efforts undertaken prior to this study on
El k Creek have been located within "Reach II" (Wst et al., 1990).

"Reach 11" is a 2.5 km section |ocated between stream km 5.6 and
Twin Creeks. The channel is noderatel %/ confined and secondary
channels are common during periods of high flow This relatively
flat stream reach has been influenced by floods as recent as
1964. The riparian canopy consists of conifer and, deciduous
species, but mature conifers are |imted to the upper banks.
Cobbl e and smal |l boul ders dom nate streanbed substrates.

| ndi an Cr eek

Indian Creek originates on the east slope of the Siskiyou
Mount ai ns and flows southeast to its confluence with the Kl amath
River at Happy Canp (elev. 1060). The dminage basin is |ocated
entirely within Klamath and Siskiyou National Forest boundries.

Bi 0- enhancenent efforts have been conducted here since the early
1980's. Instreamresoration efforts begun in 1982 consist of
boul der weirs, boul der groups, and boul der deflectors. All
structures were constructed within the "School House" reach (West
et al., 1990). Boul der weirs and boul der groups |ocated wthin
this reach were eval uat ed.

The "School House* reach extends from stream kilonmeter 15.5 to
West Branch Creek. This rmderateIP/ confined reach maintains a
flat gradient throughout with riffles and runs dom nating the

11



habi tat features. Adeguat e stream shade is provided by a

deci duous  canopy. Hyaraulic mning, | oggl ng, channelization,

fl oods, as recent as 1964, and post-flood in-channel tinber

sal vkage are evidenced by large unvegetated flats adjacent to the
creek.

MIIl Creek

MII Creek is tributary to Indian Creek with its confluence
located in the "School House" reach. MII| Creek originates on
the south slopes of the Siskiyou Muntains and flows south 10.5
kmto the confluence. The study reach extends from stream
kiloneter 1.8 to 2.6. The channel is noderately to well confined
and maintains a noderate gradient throughout the study reach.
Step run (type 16) and lateral scour pools associated |arge wood
(types 10 and 11) domnate the habitat. Excellent stream shade
I's provided by a dense riparian canopy of alders (Alnus sp.).
Instream restoration activities performed in 1988 includes use of
existing materials to form digger |ogs increasing cover and pool
habitat. Six digger log structures were evaluated within this
study reach.

DESCRI PTI ON OF STRUCTURES

Cabl ed Cover Logs are single whole conifer or deciduous trees
cabl ed to bedrock and suspended within the habitat unit. The
objective of placing these structures was to provide cover within
the habitat and overhead for juvenile rearing fish. Cabled cover
|l ogs were anchored to bedrock with 172" dianeter galvanized cable
epoxied to holes drilled in the bedrock. These structures are

| ocated on South Fork and East Fk. of South Fork Salnon River in
mai n channel and |ateral scour pool habitats.

12
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Figure 2. Digger Logs

Digger Logs are large single tree boles with or without attached
rootwad that have been skidded into the stream channel (Figure

2). A large percentage of the tree bole remains on the bank

acting as an anchor, and the portion wthin the _channel provides
overhead cover as well as structurally diversifying 1nstream
habitat. The principal objective of prescribing placement of
these structures in Mill eek (tributary to Indian GCeek) was

to
enhance juvenile rearing habitat.
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Figure 3. Free Boulder Weir

Free Boul der Wirs are structures that do not conpletely span the
stream channel (Figure 3).  The objective of these weirs, |ocated

in Elk Oreek, was to provide juvenile rearing habitat and stable
spawni ng areas for chipnook saIern an(? st eel hgacr.
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F.IQuUre 4. Bour aer Verr

Boul der Weirs are structures that conpletely span the stream

channel (Figure 4). Large weirs were located in the South Fork
Salmon  River, small weirs were |located in Beaver Oreek and Indian

Creek.  These structures can be placed diagonally across the
channel, or in-nore traditional upstream or downstream pointing

"V' configuration. The objective of these structures was to
provide nore diverse juvenile rearing habitat and stabilize
tran_sytor?/ spawni ng gravels.  Beaver " eek weirs were copstyucted
specifically to provide spawni ng-habitat, they were backfilled

w th spawni ng gravel.
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are smal |

several dozen (Figure 5).

structures usually placed in groups of several to
These structures were placed in | ow

radient riffle habitats on Indian Creek and South Fork Sal non

ver (reseve)ctivel y), to

habi t at .
an effort to provide nore conplex cover and increase fish

standing crops.
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Boul der Deflector and Boul der/ Rootwad Deflectors are small
pankside sStructures (Figure ©) ptaced in rifite or run habitats
to encourage channel deepening and habitat diversification.

These structures were placed jn the South Fork Salmon Rver and
placenent was to provide rearing habi taq a(c)ij acent 'to the
structure (high velocity scour pool habitat) and stable spawning
habitat on the upstream edge of the structure.
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MATERI ALS AND METHODS

Structure Sel ection

Eval uation structures were randomy selected fromall simlar
structures in place at the beginning of the assessment. W
a_?reed to evaluate a given nunber of structures of each type
(Table 1) prior to beginning this study. If ten structures of a
given type were to be evaluated in an agreed upon area that
contai ned 100 such structures,- evaluation structures were chosen
using a 10% random sanple on the first visit to the site.

Structure Condition and Cost Eval uation

Each structure was visited several tines during the summer of
1989 to assess conditions at variable discharge stages. Physical
condition of each structure was determned onthe first field
season visit. Structure stability was evaluated according to how
I ntact each structure remained (by percent) and the age of each
structure. We then projected useful life for each structure type
based on results of structure stability evaluation (eg: if a 3
year old structure was 80% intact, we assuned a nmaxi mum structure
life of 15 years). Cost in 1989 dollars was estimated by
determning the cost of placenent and adjusting for inflation.
Cost per unit habitat area éCPU) represents the cost of providing
habitat during the estimated litespan of a structure; the

followi ng formula was used for this calcul ation:

CPU = Structure Cost | (Surface Area*Structure Life)

Spawni ng G ound Eval uati on

Each st UdK area was surveyed during spawni ng season | sal non:
Cctober through md-Decenber; steelhead: March through nid-My)
at biweekly intervals by two-person crews. Nunerous structures,
in addition to those specifically evaluated for this study, were
in place in the contract area and their use was observed during
spawning  surveys.  Spawner utilization therefore is based on a
sanmpl e size nuch larger than shown in Table 1. W assuned this
I ncreased sanple size would lead to a broader but nore accurate
view of structure use by spawners.

Redds were enunerated using the nethod described by Wst, et al
(1990). The habitat type gZI\/t:Ca| n, et al, 1990) associated with
each redd was identified. Redd densities (nunmber of redds per
square neter) by species were calculated for each structure type
bx dividing the number of redds associated wth each structure by
the avail abl e spawning area for that type.

18



Total nunber of redds per structure (over its life) was estinated
by enploying the follow ng technique:

TTl redds=(redd density*spawn surf./structure) * str. life

Cost ﬁer redd was cal culated by dividing total redds (chinook and
steel head) by structure cost.

Habi tat specific spawner "utilization coefficients" were _
devel oped using the fornula described by Bisson et al. (1982 in
order to "relate the fraction of the population found within a
particular habitat type to the relative abundance of that habitat
type" in the study area. The formula and its usage is described
in greater detail by Wst, et al (1990).

Coefficient values can range from -1 to positive infinitr; a
negative value indicates that use of a specific habitat for
spawning is |ess than average use. A positive value indicates
habi tat specific spamnln? use greater than average. a value of 0
I ndicates that the specific habitat is being used in proportion
to it's occurrence. Some reaches were uncountable at tines,
espgp{ally during steel head spawning, due to adverse view ng
conditions.

Rearing Habitat Eval uation

Unnodi fied stream habitat surveyed at base sunmer flow in 1989
was classified into one of 22 possible habitat types utilizing
the system qugl nal |y described by Bisson, et al. (1982 and

| ater nodified by Cain, et al (1990). West, et al. (1990)
descri bes the general nethod enployed.

Habitats resulti n% from instream structures were classified using
the sane method, however the criteria used to define a habitat
unit was reduced to equal or exceed one-quarter the width of the
wetted channel. This "project-level” typing allowed for finer
definition of habitats associated with structures. W ocularly
determned the influence zone of each structure using physical
variables (eg. water vel ocit%,_ substrate conposition, and water
depth) to aid in defining habitat area affected by each

structure.

Physi cal measurements, taken once during the contract period for
each habitat wunit, included mean unit length, wdth, and depth,
maxi mum depth, and depth at riffle crest. W ocularly estimated
spawni ng area and anount of cover available to fish in each unit
(of that total, the percentage of each cover type: undercut
banks, smal woody debris, large woody debris, terrestrial
vegetation, aquatic vegetation, white water, boulders, and
bedr ock Iedgeg). Spawning area suitability was determ ned using
depth, velocity, and substrate suitability criteria described by

19



Rei ser and Bjornn (19n?. Spot air and water tenperature and
estimated streanflow (cfs) were recorded during each visit. We
ocularly estimted substrate conposition (percent fines, gravel,
cobbl e, boul der and bedrock), nmean substrate enbeddedness,
percent exposed substrate, and percent stream shade at noon.

Each structure type was bio]ogically sanpl ed several tines
t hroughout the contract period using direct underwater

observation techniques described by Hankin and Reeves' (19g9).

Bi ol ogi cal sanpling was conducted by two p&son dive teams uSing

t he equivalent of a "two-pass" nethod be?inning at the downstream
end of each dive unit. Salnonids were classified by species and
age-class (O, 1+ or older juveniles, and adults). The presence
of other species was noted. This nethod was calibrated against

el ectrofishing results (Wst, et al., 1990).

Mean densities (#/m?) of observed sal nonids by age-class and
species were calculated for each unit. Estinmated densities were
derived for each habitat type by applying the appropriate factor
based on results of electrofishing calibration (Wst,.et al,
1990). Estimated densities were used to performall analyses and
interpret  results.

Estimated densities were converted to estimated standing crop of
all species and age classes of fish for each structure type b
mul tiplying estimated fish density (number of fish/unit area) by
structure affected surface area. ~ Fish use of structure affected
rearing habitat (post-nodification! was conpared to use of
habitats of the sane type which were present prior to placenment
of the structure (pre-nodification).

Conparison of "pre-nodification" and "post-nodification" fish
standing crops resulted in a "net fish difference*.  Net fish
difference was divided into 1989 structure cost, yielding a cost
per fish reared. Cost per fish reared is not species or age
class specific and this value does not inply that all fish
observed survive to snolt. W offer this value for conparative
purposes  (between structure types in this evaluation) only and it
shoul d be assuned as a m ni num cost per fish reared for each
structure type.

Habi tat specific juvenile fish rearing "utilization coefficients"
were cal culated using the fornula described by Bisson et al

(1982) in order to "relate the fraction of the popul ation found
within a particular habitat type to the relative abundance of
that habitat type" in the overall study area. The formul a used
is identical to that referenced in spawning ground eval uation
methods,  except, numbers of juvenile fish per unit area were
substituted for nunber of redds per unit area. Coefficients were
calculated for utilization of habitat types based on the study
reaches previously described.
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RESULTS

Cover Logs were placed adjacent to existing pool habitats and did
not result in physical habitat changes except degree of cover
conplexity and conposition (Figure 7). Cost per wunit habitat
area was lower than the najority of other structures ($0.067%.
Fewer juvenile fish were observed in structure affected habitats
which resulted in loss of "cost per fish reared” (Table 11).
However, vyearling and older juvenile steelhead were the only
species and age class that selected these structures as indicated
by the positive wutilization coefficient (Table 11l). W observed
adult salnmon and steelhead using these structures, however we did
not investigate potential changes in spawer use because the
strgﬁtqre objective was enhancement of juvenile fish rearing
conditions.

Instream Cover Changes Resulting From
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Figure 7. Changes in cover resulting from placement of cover
logs, Salmon Subbasin  1989.

Digger Log structures increased available instream object cover
in nearly all cases beyond what was available in control areas
(Figure 8). In several instances cover was reduced because water
velocities were slowed and water surface turbulence was |ost.

Cost per unit habitat area was |owest of any structure we
evaluated  ($0.050). W did not investigate potential changes in
spawner use because the structure objective was enhancenment of
juvenile fish rearing conditions. In addition to cover changes,
these structures diversified Run habitat by formng backwater and
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Table Il.  Summary of  Structures and Variables Eval uated,
Kl amat h Basin 1989.

STRUCTURE COST LI FE AREA (M?*) FISHYR COST/ FI SH
per Struc.

Gover Log  $90 25 54 -1.3 ($2.69)
D gger Log $60 57 21 16.4 $0.06
Free Wir  $1900 25 204 43.5 $1.75
Large Wir $2100 18 323 65.7 $1.78
Sm Wi r (BV) $6825 40 174 24.1 $7.08
Sm\Wir(IN $2280 56 154 98.5 $0.41

Bo. Gp. $345 50 109 11.0 $0.63

BG Wod $290 25 23 6.8 $1.71
Bo/R Gp. $290 20 39 5.5 $2.64
Bo. Defl. $290 50 70 12.0 $0.48
Bo/R Defl. $290 50 16 3.3 $1.76

Table Ill. Juvenile Salnon and Steelhead Rearing Wilization

Coefficients for Instream Structures, K amath Basin 1989.

Wilization Coeffi ci ent

Structure 0+ Sthd 1+ Sthd 0+ King 0+ Coho
CCL -0.6604 0.5938 ~0.2500 N/ A
DLG 0.5916  0.4161 N A N/A
FBW -0.6247 -0.7790 -0.3917  0.0000
LBW -0.6310 ~0.2009 -1.0000 N/A
SBW B 0.7425 -0.4240  -0.3943  -1.0000
SBW | -0.0974 0.0779 -1.0000 5.9490
BLG -0.2392  -0.4753  -0.4458 -0.4388
BGW 0.1509 3.3797 20.1250 N/A
BRG 2.2956 1.0706 39.1250 NZA
BLD 4.5807 0.2362 7.1667 N/A
BRD -0.4920 ~0.6050. -0.5410 N/A

m dchannel pools. Increased juvenile fish useage conbined with
the low cost per structure and long estinmated structure |life,
resulted in the lowest "cost per fish reared" of any structure
investigated (Table [I1). Young-of-the-year and yearling
steelhead selected this nodified habitat for rearing (Table 111),
no salnon were found rearing in this snall stream

Free Boulder Wirs dramatically shifted habitat from low gradient
riffle to a mx of types predomnated by slow velocity glide
habitat (Figure 9). Available habitat volune was reduced 14%
because reduced velocities allowed gravel filling and depth
reduction. Cost per wunit habitat area was noderately high, even
for weirs, the nost expensive structures assessed ($0.373).
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Figure 8. Cover differences between digger log sites and

control areas, Md K amath Subbasin 1989.

Gavel filling resulted in an increase in available spawiing area
(Figure 10). Chinook and steel head spawners used gravels

associ ated with these structures, but they did not select that
habitat strongly as evidenced by utilization coefficients near 0
(Figure 11; Table IV). If that rate of use continued over the
estimated life of these structures, spamning_habitat woul d be
provided at a reasonable rate ($4.29/redd; igure 12; Table 1V)
conpared to some other structure types investigated.

Though habitat volume was reduced, juvenile fish use increased,
as a result of increased habitat diversity. | ncreased juvenile
fish use resulted in a relatively high cost per fish reared
($1.75; Table 11). None of the species or age classes of
juvenile fish present selected this structure habitat over
natural ly available habitats (Table II1).
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(low gradient rlffle%. Cost per unit habitat area was noderately
hi gh ?$0.36D. Avai | abl e spawning area dranmatically increased
(Figure 10), ﬁQSSIb|y because there is a significant bedl oad
movenent 1n this project area. Chinook sal non spawners heavily
used sPamn|ng gravel s associated with these structures (Figure
17; Table 1V) resulting in high utilization coefficients.

St eel head spawners used gravel s associated with these structures,
but they did not select that habitat strongly as evidenced by
utilization coefficients near 0. |f those rates of use continued
over the estimated life of these structures, spawning habit at
woul d be provided for a reasonable cost ($2.07/redd; Figure

12; Table I'V).

Though juvenile steelhead were found rearing around these
structures (generally in the higher velocity habi-tats), none of
the species or age classes of juvenile fish present selected this
structure habitat over naturally available habitats (Table 111).
Limted juvenile fish use resulted in a relatively high cost per
fish reared ($7.78; Table I1).

Beaver Creek small boulder weirs were the nbst expensive
structures investigated because of high construction costs. cost
per unit habitat area was the highest ($0.987) of any structure
we evaluated. These weirs changed habitat structure from | ow
gradient riffle into a conplex of riffle, glide, and several pool
types (Figure 13). Available spawning area was increased as a
result of backfilling structures with spamnlng gravels.  Chi nook
and steel head spawners used gravels associated with these
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structures, but they did not select these habitats st ron?l y as
indicated by poor utilization coefficients (Figure 11, Table 1V).
If that rate of use continued over the estimated structure life,
spawning habitat would be provided at the highest cost for any
structure investigated ($269.09/ redd; Figure 12 Table V).

Volune of available habitat substantially increased (+85.4%
conpared to the same surface area of "pre-nodified" habitat (low
gradi ent riferP. Unfortunately, resultant habitats were
predomnantly slower velocity types, favored only by young-of-
the-year juvenile steelhead, as indicated by positive utilization
coefficient for that cohort (Table 111). Though schools of
juvenile salmon were observed in these slow veloci t%/ areas early
In the study period they did not select structure habitat over
naturally available habitats (Table [111). Linmted juvenile fish
use resulted in the highest "cost per fish reared" z$18. 85; Tabl e
[1) of any structure Investigated.

Fish Habitat Complexity Associated witn
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Figure 13. Fish Habitat Conplexity Associated wth Boul der
Wirs, Kamath Basin 1989.

Indian CGeek small boulder weirs were in the best physical
condition (for their age) of any weir we inspected. As a result,
estimated structure life was the longest of any weir (Table I1).
Cost per unit habitat area was the lowest ($0.264) of any weir we
evaluated. Available spawning area increased (Figure 10), and
though chinook and steelhead spawners used gravels associated
with these structures, they did not select that habitat strongly
as evidenced by utilization coefficients near 0 (Figure 11). |If
that low rate of use continued over the long estinmated life of
these structures, spawning habitat provided would still be costly
($126. 09/ redd:; Table 1V, Figure 12).
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Indian Creek weirs resulted in high velocity habitat types
(riffle, run, and lateral scour pool; Figure 13r selected b
juvenile steel head éyearllngs) and coho (Table I11).  Chinoo
sal mon were observed in danmed pool habitat ,(the only slow
velocity habitat) associated with these weirs. Vol une of
avai |l abl e habitat increased about 20% conpared to the same
surface area of "pre-nodified" habitat. Hgh fish use and |ow
structure cost resulted in the lowest "cost per fish reared"
($0.41/fish; Table Il1) we found in any weir nodified habitat
studied. These weirs reared nore juvenile steel head and sal non
than any other structure investigated.

Boul der Groups, Boul der Groupswi th Wod, and Boul der Rootwad
Groups resulted in nore diverse habitat than that available prior
to placement (Figure 14). Habitat volunme was slightly increased
bK these structures if they did not have rootwads associated with
them  Boul der rootwad groups slightly reduced the anount of

habi tat avail abl e.

Boul der G oups (Indian Creek) increased avail able spawning area
(Figure 10), and though chinook and steel head spawners used
gravel s associated with these structures, they did not select

that habitat strongly as indicated by utilization coefficients
near O (Figure 11). If that lowrate of use continued over the
estimated structure life, spawning habitat provided would be
costly ($127.96/redd; Figure 12).  Turbulent habitat types
associated with Indian Creek Boulder Goups (riffle and pocket
water; Figure 14), surprisingly were not selected by juvenile
steel head or salmon (Table Il1). A though juvenile fish did not
utilize these habitats at a |evel above average, |ong estimated
structure life and Iar%e affected surface area resulted in a very
favorabl e cost per fish reared ($0.63; Table I1), assumng
juvenile fish use remains simlar to what we observed. Cost per
unit habitat area was the second |owest ($0.063) of any structure
we eval uated.

Chi nook and steel head spawners selectively used pocket water
(PKT) habitat associated wth boul der groups wth wood and

boul der rootwad groups in the South Fork Salmon (Figure 11). The
hi ghest steel head spawner wutilization observed during this study
(4.39;Figure 11) was associated with these structures placed in
the South Fork Salmon River. |f that rate of use continued over
the estimated |ife of Boul der Goups with Wod, spawning habitat
provided would be relatively |ow cost ($8.60/redd;Table IV;Figure
12?. ~Though spawners selectively used Boulder/Rootwad G oups
relatively little spawning habitat was provided by those
structures (Table IV), which resulted in a high cost per redd
($78.82). H gher veIOC|ty habi tat types assocrated w th boul der
roups with wood and boulder rocotwad groups in the South Fork
Salmon (riffle and pocket water; Figure 14), were selected by
juveni |l e steel head and chinook salnmon (Table I11). The highest
juvenile chinook utilization we observed during this study was
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. associated with these woody structures (Table [111). Though
juvenile use was very high, relatively short estimated structure
life and nom nal affected surface areas resulted in disappointing
costs per fish reared (Table Il). Cost per unit habitat area was
relatively high for boul der groups with wood ($0.504) and
slightly l'ower for boul der/rootwad groups ($0.372).
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Figure 14. Fish Habitat Changes Resulting from Boulder G oups,

Boulder Qoups wth Wod, and Boulder Rootwad Goups, K amath
Basin 1989.

Boul der Defl ectors and Boul der/ Rootwad Defl ectors provided
diverse habitat conditions (Figure 15 and also iIncreased habitat
vol ume by about 16%  Chinook spawners sel ectively used structure
associ ated spawning habitats in the South Fork Sal non.
Conversely, steel head spawners avoided using these structures, as
i ndicated by the nmaximum negative utilization coefficient
possible (Table IV). Available spawning area was increased
Figure 10) by Boulder Deflectors, but was absent from

ul der/ Rootwad Deflectors in the East Fork Sal non.  Chi nook
salmon spawners used spawning areas associated with Boul der
Deflectors nore (Figure 11) than any other habitat resulting in
the highest spav\nir(ljg utilization coefficients observed
(10.477; Table 1V) UI’I!’]? this study. Both structure types had
very long estimated |ifespans because of their existing condition
and location in the channel (bank associated, away from thal weg
I npacts). Chinook spawner use and long structure |ifespan
resulted in Boulder Deflectors providing the lowest cost spawning
habitat ($0.44/redd; Figure 12). Since no spawning habitat was
associ ated with Boul der/Rootwad Deflectors, it was not possible
to estimate their long-term effectiveness at providing spawning
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area.

Boul der deflectors in the South Fork Salmon had a very |ow cost
per fish reared ($0.48; Table I1) because of high juvenile fish
use.  Above average juvenile salnon and steel head use is also:
reflected by positive utilization coefficients for all cohorts
Table [IIl). Cost per unit habitat area was also very |ow
$0.083) for these ‘structures. (1wwersel¥t boul der ro0twad
eflectors had relatively high cost per fish reared ($1.76; Table
I1) due to low fish use " reflected by negative utilization
coefficients (Table Ill1). These structures had a relatively high
cost per unit habitat area ($0.363).
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Fi'lgure 15. Fish Habitat Changes Resulting from Boul der
Def | ectors and Boul der/ Rootwad Defl ectors, Sal non” Subbasi n 1989

D SQUSSI ON AND  CONCLUSI ONS

Wirs were the nost expensive structures investigated, due to
construction costs. Unfortunately, this high initial investnent
generally did not affect a |arge enough surface area of habitat
to make cost per unit of affected habitat very reasonable. W
expected that, due to the long estimated structure life of sone
of these structures, cost per unit affected habitat would be nore
reasonable. Conversely, cabled cover |ogs and digger | ogs (the
| owest cost structures? affected |arge enough surface areasto
make them very cost effective at altering physical habitat

condi ti on. A d-cost range structures, those around $300 each
varied in their cost per unit at providing habitat. W believe
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that cost of physically nodifying habitat areais only one factor
that shoul d be seriously considered when planning habitat
restoration. However that factor is inportant enough to effect
success or failure of a large scale habitat restoration program
Assuming all other factors are of equal weight, |owest cost
structures can provide the "best value". NMbst inportantly, any
consideration of structural restoration should be driven by
specific objectives based on sound assessnent of habitat
condition, species needs, and historical condition of the
resources

Estimates of structure life were used as an index for conparison
between structure types. W believe functional |ife expectancy
of structures could vary considerably in response to nagnitude
and duration of flow events, structure design and construction,
and stream channel processes. Flow records compiled for the

wat er years 1980 to 1989 reveal that the |argest discharge event
experienced during that period had a 10-15 year recurrence
interval in 1982. Although boul der structures have been
constructed on study tributaries since 1982, it is inportant to
note that the average age of structures investigated 1s three
years and the oldest five years. Peak flows neasured since 1987
wat er year have not exceeded a two year recurrence interval,
total annual discharges have been below average.

Ve found that digger logs had the |ongest estimted functical

life expectancy. Because the digger log acts as a independent
structural unit which remains to a |arge extent on the channel
bank, we believe they should remain functional throughout the
life of the wood. This structure type aPpeared_idea ly suited to
therftudy site on MIl GCreek, a noderately confined third order
reach.

Life expectancy of cover |logs was |ess than half that estinated
for digger logs due to their reliance upon cable anchors.

Because of this, we assumed cable |life regulated functional life

expectancy for these structures. W also noted that cover
?rﬁy|ded declined as the structure aged, due to loss of |inbs and
ol i age.

Mbst boul der structures evaluated had |ong (40-50 years) life
expectancies. Small boul der weirs, boul der groups, boul der
deflectors, and boul der/rootwad deflectors were anong the ol dest
structures eval uated, yet maintained high (>88% structura
integrity.  Boul der groups associated with wood and rootwads had
reduced |ife expectancies due to cable life. Large boul der weirs
| ocated on South Fork Salnon had the |owest estimated life
expectancy probably because of high stream energy and nobile
nature of the streanbed at the project site. Free boulder weirs
|l ocated on Elk Creek, showed reduced structural integrity due to
scour along the unkeyed margins.
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W believe that structures conmposed of oversized boul ders (those
which do not require cabling) will maintain best structura
integrity and have the |ongest useful structure life. Life
expectancy of organic materials incorporated into these
structures depend on anchor life and location in the channel

Di gger logs of substantial size relative to channel width wll
provide long structure life with mninal maintainance. In the
event that structural integrity is lost, |least conplicated
structures built fromnative naterials (large |ogs and boul ders)
will continue to provide habitat conplexity as individua
components.  Selection of structure materials should be
critically considered, especially where channels are subjected to
frequent changes. W believe use of natural materials to mnc
naturally occurring channel features is key to success of habitat
restoration.

| nportant as physical habitat condition and structure cost may
be, fish response (adult or juvenile, depending on original
objective) to habitat nodification should be aprincipal concern

Modi fication prescribed to restore stable spawiing habitat needs
close scrutiny, W believe it is essential to know not only how
mich spawning habitat is available, but how the existing habitat
is used by spawners (eg: 90% of Sﬁamning occurs in 5% of the
avai | abl e habitat). Prescribing habitat nodification which
results in additional spawning habitat may Dbe justified, evenif
there appears to be an adequate quantity of habitat available.

Use of habitat by spawners may not be directly proportional to
the anount of it available. ‘Therefore, use of a density
dependent i ndex S|e:.spamner utilization coefficients) may not be
appropriate in all circunstances. Such a prescription may be
warranted if the habitat being selected by spawners is in short
suppl y. Several seasons of spawning area utilization surveys
identifying where redds are located (in what habitat

associ ations) and quantifying available spawning habitat durin
each spawning period is prerequisite to fornulating an acceptable
prescription.

Location of gravels inor close to the thalweg associated with

| arge boul der weirs on South Fork Sal mon River may have been
resFon5|bIe for above average use by chinook spawners. Boul der
defl ectors were best utilized by chinook sal non spawners,

probably because they resulted in gravel accunulations close to
the thal weg, provided overhead cover (surface turbul ence), or
were near naturally occurring cover (riparian vegetation near the
water surface) and shade. i nook spawner use of "traditional”
spawni ng enhancenment structures (weirs backfilled with gravel)
relative to their cost and anmount of habitat they provided was

di sappointing. Backfilling of instream structures wth suitable
gravel is a practice that should be discontinued wuntil furthur
investigation proves that it is warranted.
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Wiere steel head spawning habitat restoration is justified by
spawner use assessnent, use of structures which result in "pocket
water" type spawning areas nay be the best tool. This habitat
configuration proved nost desirable when woody object cover was
readi 'y available to spawners, The highest steelhead spawner
utilization observed during this study was associated W th

boul der groups wth wood and boul der/rootwad groups.

Success of nodifications prescribed to enhance juvenile rearing
condi tions should be determned by how well juvenile fish respond
to that nodification conpared against a previously established
control  habitat. Generally we found structures which provided
high habitat and cover diversity received the best response from
juvenile fish. Conparisons against a control habitat nust be
made using an accepted nethod in which conmparison units are equal
(eg: fish per m* or fish per m'), W observed fish use over one
season, summer, Wwhen water tenperatures were ideal for _
observation and fish activity. W saw dramatic changes in fish
use even through this short time period, however those use
changes were very irregular and no consistent pattern was found.
Sanpl'ing habitats throughout the study basins may have better
descri bed changes in observed standing fish crops due to habitat
avai lability (volunme), suitability (temperature), and/or seasona
fish mgration patterns. Fish rearing needs during other seasons
na%.dlf er substantially from sumrer needs. Cbviously, providing
habi tat conditions which neet the highest nunber of fish needs is
key to success of restoration. Suitability of structurally

modi fied habit at probably chan%es t hroughout the year, possibly
changing diurnally as well. This question should be investigated
in greater depth before conclusions can be drawn.

Digger logs, one of the |east costly and sinplest structures,
provi ded the best increase in fish standing crop (fish/m) for
the lowest cost. W believe digger logs, were well used by
rearing fish because they are one of the nost natural restoration
structures investigated. Qher structures which were well used
(small  weirs, deflectors, and boul der groups with attached wood)
also seemto closely duplicate naturally productive habitats.
Turbul ent habitat types associated w th boul der groups w th wood,
boul der rootwad groups, and boul der deflectors in the South Fork
Salmon (riffle and pocket water), were specifically selected by
juvenil e steel head and chinook salnon. Providing overhead cover,
especially if it extends into the water where it may also be used
as object cover, seemed nost valuable for juvenile steelhead and
salmon if it was placed in a habitat type which would nornally
receive high fish use. Placenent of object cover in slow
velocity areas Lpopl and glide edges) had questionable value for
summer rearing habitat restoration. W Dbelieve water velocity
reduction, resulting from dense branch structure of placed cover
Iogs‘_nay have made summer rearing habitat |ess desirable,
especially for velocity seeking juvenile steel head. W do not
know what val ue these structures may have during cold water, high
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flow periods when fish nmay seek slow velocity, densely-covered
habitats.

Cost effectiveness of habitat nodification, as inplied by the

pr evi ous discussion, is a conplex question to answer. & define
the nost cost effective method as one that neets stated
restoration objectives providing the greatest increase in fish
use ﬁper surface area or volune) over the longest tine period for
the lowest cost.

Based on our definition of cost effectiveness we rank structures
evaluated in this study (from nost cost-effective to Ieast cost
effective) as follows:

- Dgger Logs (MII Qeek)

- Boulder Deflectors (South Fork Salnon R ver)

- Small Boulder Wirs (Indian O eek)

- Bou)l der QGoups with Wody Cover (South Fork Sal non
River

SO N =

5 - Free Boulder Wirs (EHk Oeek)

6 - Large Boulder Wirs (South Fork Salnon R ver)

7 - Boulder Goups (Indian O eek)

8- Boul der/ Root wad Goups (South Fork Salnon R ver)
9-  Boul der/ Root wad Deflectors (East Fork Sal non)

0- Small Boulder Wirs (Beaver O eek)

11- Cabled Cover Logs (South and East Fork Sal non)

RECOMVENDATI ONS

A) Consideration of structural restoration should be driven by
specific objectives based on sound assessnment of habitat
condition, species, seasonal fish needs, life history stage
specific requirement (al evin, fry, parr, snolt, adult), and
historical condition of the resources.

B) W believe it is essential to know how nuch spawning habitat
Is available and how the existing habitat is used by
spawners. Several seasons of spawning area utilization
surveys identifying where redds are located (in what habitat
assocl ations, reaches, channel types, etc.) and quantifying
avai lable spawning habitat during each spawning period is
prerequisite to formulating an acceptable spawning area
restoration prescription.

C)  Backfilling of instream structures wth spawiing gravel is a
practice that should be discontinued wuntil furthur
Investigation proves that it is warranted.

D) ke natural nethods that nost closely duplicate heavily used
unnodi fied habitats providing woody obg' ect cover for
spawning adults and rearing juvenile fish.
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F)

H)

Provide the highest habitat and cover diversity possible for
spawning adults and rearing juvenile fish,

Evaluation of habitat nodifications are essential to
elimnate poor techniques: Year-round conparisons against a
control habitat nust be nade using an accepted method in
which conparison units are equal (eg: fish per m* or fish
per m’).

Success or failure of projects should be determned based on
cost effectiveness and nmeeting stated restoration
obj ectives.

Hstorical records suggest that large woody debris played a
key role in controlling channel features in mny Pacific
Coast streams. W believe the interaction of large woody
debris/channel  processes/fish utilization in tributaries to
the Klamath Rver should be furthur investigated through

inpl enentation/evaluation of future restoration projects and
a review of historic channel conditions.
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