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| NTRODUCTI ON

On March 13, 1998, the National Marine Fisheries Service (NVWS)
announced that steel head in the Kl amath Muntain Province (KWP) of
sout hern Oregon and northern California would be protected by specia
conservation plans designed in cooperation with the states of O egon
and California. The steel head supplenent to the Oregon Plan for
Sal mron and Watersheds (OPSW is intended to naintain wild steel head
popul ations in Oregon at sustainable and productive levels that wll
provi de substantial environnental, cultural, and econom ¢ benefits.
Simlarly, a Menorandum of Agreenent between NVFS and the California
Departnent of Fish and Gane (CDFG established the terns and
conditions for the inproved conservation and managenent of steel head
on the northern coast of California.

Section ODFW ALS of the OPSWconmts the O egon Departnent of
Fish and Wldlife (CDFW to work with NMFS to establish “Popul ation
Health Goals” for wild steelhead in Oregon. Section 7 of the
Mermor andum of Agreenent between NMFS and CDFG requires that a
nmoni toring program be devel oped in order to assess the health of
steel head on the north coast of California. The purpose of this
docunment is to propose popul ation health goals for wild steel head
popul ations in the Oegon portion of the KMP and to propose a
nmoni tori ng program designed to characterize the status of KW
steelhead in relation to population health goals. Potential or
ongoi ng nonitoring activities conducted by private parties or
gover nment agenci es are not discussed unless directly relevant to
nmoni toring proposed for KMP steel head.

The State of Oregon is in the process of devel oping a programto
monitor the status of sal nonid popul ations, and their habitats, along
the coast of Oregon (ODFW 1998). Many elenents of this programwill
be useful for nonitoring the status of steelhead in the KWP.
Integration of the two nonitoring prograns should result in a nore
effective use of public funds and al so shoul d ensure that data is
gathered and stored so as to be avail able for w de-spread use.

ODFW consi dered a nunber of neasures that have been used to
descri be the status, or health, of aninmal populations. Six goals were
eventual Iy chosen because they appeared to be the npbst appropriate and
practical neans by which to judge whether wild steel head popul ati ons
in the KWMP attain sustainable and productive levels as called for in
the OPSW Health goals may be nodified in the future as additiona
i nformati on, assessnent criteria, or nonitoring technol ogy, becones
avai |l abl e.

ODFW bel i eves that nonitoring will result in inproved assessnent
and managenent of steel head resources. However, CDFW al so believes
that nmonitoring results need to be interpreted with care. Attai nnent
of all of the proposed goals should indicate that the popul ations are
generally healthy. Simlarly, failure to attain any of the goals
shoul d rai se i nmedi ate concern about the status of the popul ati ons.
However, should sonme goals be attained, while others are not, the
status of the resource will likely remain open to interpretation



PROPOSED HEALTH GOALS FOR KMP STEELHEAD POPULATI ONS | N OREGON

ODFW presently recogni zes 16 popul ations of wild steelhead in the
KMP (ODFW 1995). Criteria used to segregate these popul ati ons were
primarily based on known differences in |ife history paraneters and on
the prenise that anadronous fish popul ations are adapted to specific
river basins. |In contrast, analyses of genetic naterial has yet to
reveal significant differences between any of the popul ati ons (Busby
et al. 1994).

Primary differences in life history paraneters have been
identified for wild KMP steel head. Summer steel head and wi nter
steel head differ in tine of return as adults, tendency to return to
fresh water on a fal se spawning mgration (the “half-pounder” run),
age at ocean entry, growmh rate and migration patterns of juveniles in
fresh water (ODFW 1990, ODFW 1994). As a result of these differences,
separate health goals seemwarranted for sumrer and wi nter steel head
popul ations. Wnter steel head inhabit streans throughout the KMP,
whil e sutmmer steel head are found only in the Rogue R ver Basin.
However, the distribution of sutmmer and winter steel head overlap in
mej or areas of the Rogue River Basin (Everest 1973) and as juveniles
of the respective races cannot be differentiated, some popul ation
health goals will apply to both races.

Proposed health goal s enconpass sone of the key el enents
associated with steelhead life history including quality and quantity
of habitat (CGoal 1), densities of juvenile fish (CGoal 2),
distribution of juvenile fish (Goal 3), production rates of juvenile
fish that mgrate downstream (Goal 4), abundance of adult fish
(Goal 5), and life history diversity (Goal 6). ODFWbelieves that
proposed nonitoring associated with these goals can be used to
characterize the status of wild steelhead in the O egon portion of the
KIVP.

Goal s one through three apply to steel head throughout the KW,
Goal s four through six apply primarily to summer steel head for two
reasons. First, fishery nanagenent agencies are nore concerned about
sumer steel head as conpared to winter steel head, at least in the KW.
Second, nore biological data is available for sumrer steel head as
conpared to winter steelhead. These data nade it possible to devel op
quantitative goals that can be assessed with comonly accepted
sanpl i ng et hods.

CGoal 1

Characteristics of fresh water habitat in areas accessible to
st eel head shoul d becone nore simlar to ODFW benchmar ks of habit at
quality established for streans in western Oregon

Stream habitat used by KMP steel head exhibits a diversity that
may exceed even the diversity of life history patterns anong the fish
Juveni |l e steel head can be found in large rivers with m ni mumfl ows
that exceed 1,000 cfs (ODFW 1994) and can al so be found in snmall first



order streanms that can becone intermttent before the end of My
(Satterthwaite et al. 1996). |In general terns, streanms with diverse
types of habitat, relatively clean gravel, and acceptable water
tenperatures during summer, are capable of supporting |arge nunbers of
juvenil e steel head.

ODFWis presently nonitoring stream habitat as part of the OPSW
About 50 sanple sites will be nonitored annually in each of the five
Gene Conservation Goups identified for coho sal non al ong the coast of
Oregon (ODFW 1998). Wthin Oregon, boundaries of the Southern Gene
Conservation Group of coho salnon are sinmlar to the boundaries of the
KIVP.

Sampling sites for coho salnon are currently selected with the
G S-based Environnental Monitoring and Assessnent Program ( EVAP)
devel oped by the Environnental Protection Agency. EMAP selects sanple
sites at randomwithin each tenplate by laying a grid of tenplates
over a digital map of the resource to be surveyed. For each Gene
Conservation Group of coho sal non, EMAP generates a series of
over| apping nonitoring sites for habitat conditions, spawner
abundance, and juvenile abundance in all first, second, and third
order streams on a 1:100,000 USGS stream | ayer

Only a portion of the randomy selected sites need to be surveyed
annually. Remaining sites will be surveyed on three and ni ne year
rotational schedules that reflect the three year life cycle of coho
sal non and provide the flexibility to add or delete areas of potenti al
sanpling as nore accurate information on the distribution of coho
sal nron becones avail abl e (ODFW 1998).

EMAP sampling protocol can be used to select sanpling sites to
monitor the habitat conditions in areas used by KMP steel head.
Del i neati on of steel head distribution in KMP streans and a deci sion on
an appropriate rotational schedule will be needed to randomy sel ect
sanpling sites. As with coho salnobn, only first, second, and third
order streans should be sanpled to overlap sanpling for habitat
conditions with sanpling for juvenile abundance (Goal 2) and for
juvenile distribution (Goal 3).

Habitat conditions at randomy sel ected sanpling sites should be
estimat ed using standardi zed survey procedures adopted by ODFW (Moore
et al. 1997). Al habitat units are surveyed within a 0.5 kmlength
of the first order streans and within a 1.0 kmlength of second and
third order streans (ODFW 1998). Wthin these chosen stream | engths,
survey data are obtained from 20-40 habitat units.

ODFW surveys of each habitat unit produce data for about 50
paraneters of aquatic and riparian habitat (ODFW 1998). Key
paraneters fromthe surveys can be sunmarized and conpiled into a
dat abase, one record per site, that is identical in format to the
aquatic habitat database currently maintained by OOFW The status of
key habitat features can then be: (1) estimated annually for KM
streans, (2) analyzed for trends over time, and (3) conpared to



benchrmar ks of habitat quality devel oped by COFWfor streans in western
Oregon (APPENDI X A).

However, while habitat requirenents of steel head have been
established to sone degree, inportant questions renmain to be answered
including identification of the carrying capacity of different types
of habitat for juvenile steel head of various age classes at different
times of the year. Extensive work with juvenile steel head has not yet
lead to a limting factors nodel anal ogous to the one built for
coastal coho salnon in O egon

This problemis even nore pronounced for summer steel head in the
KMP because small intermttent streanms conpose sone of the primary
habitat for this race of fish. Sumer steelhead in the KMP are
presently of nmuch greater concern to fishery managenent agencies, at
| east as conpared to winter steelhead in the KMP. Assessnents of
popul ation health, that rely solely on data obtained during habitat
surveys, would mininize the inportance of small streans for the
production of sumer steelhead. As a result, estimates of juvenile
production are needed to appropriately interpret the findings from
habi tat surveys conducted in small streans used by spawni ng sunmer
st eel head.

Proposed Monitoring Associated with Goal 1

Activity 1.1. Estimate the distribution of steel head in KMP streans
and record the data in GS files. Update @S files annually as nore
accurate information becones avail abl e.

Activity 1.2. Estimate the habitat paraneters of KMP streans annually
at 48 sites chosen randomy annually with EMAP and survey wth

st andar di zed net hods adopted by COFW (More et al. 1997). Incorporate
a three year rotational schedule to aid in choice of sanpling sites.
Estimate fl ow during surveys.

Analysis 1.2.1. Estimate the nean and 95% confi dence interva
associ ated with each habitat paraneter collected for KWVP streans.

Analysis 1.2.2. Deternmine if the habitat goal of neeting ODFW
benchmarks for streans in western Oregon (APPENDI X A) falls within the
95% confi dence intervals estimated in Analysis 1.2.1.

Analysis 1.2.3. Determne if the habitat goal was net by assessing
whet her the tenporal trends in habitat paraneters, relative to COFW
benchmarks for streanms in western O egon (APPENDI X A), are
significantly greater than zero.

Activity 1.3. Estimate the habitat paraneters of non-randomy chosen
streans where the production of sunmer steel head fry will be estimated
annual ly (Goal 4). These surveys should be conducted every four years
and habitat conditions should be estimated for the entire area where
steel head fry are resident. Proximal to the trap site in each stream
nmonitor water tenperature and estimate flow while the traps are
oper ati onal



Analysis 1.3.1. Estimate the nean and variance associ ated w th each
habi tat paranmeter collected for nursery streans of summrer steel head.

Analysis 1.3.2. Determne if the habitat goal was net by assessing
whet her the tenporal trends in habitat paraneters, relative to COFW
benchmarks for streans in western O egon (APPENDI X A), is
significantly greater than zero.

CGoal 2

During | ate sumer and autumm, the nmean density of trout fry should be
at least 0.50 fish per n? and the nean density of age = 1+ steel head
should be at least 0.10 (0.05 in riffles) fish per

Streans have a finite capacity to rear juvenile sal nonids.
Carrying capacity is affected by flow, water quality, habitat
conpl exity, stream productivity, predation, and intra- and inter-
specific conpetition. Various nodels have been devel oped to estinate
the production potential of trout streans, but reliable nodels have
yet to be devel oped for juvenile steel head.

Densities of rearing steel head have been estimated for nunerous
streans in the Pacific Northwest and for introduced popul ations in
tributaries of the Geat Lakes (APPENDI X B). Published val ues range
wi dely, but some generalizations were apparent. Densities of
subyearling steelhead in | ate sumer and autum usual ly ranged between
0.2 and 0.5 fish per nm?, and rarely exceeded 1.0 fish per
(APPENDI X B). For age = 1+ steel head, densities in |ate sumer and
autum usual |y ranged between 0.05 and 0.1 fish per n?, and rarely
exceeded 0.2 fish per m? (APPENDI X B).

However, juvenile steel head are non-randomy distributed in
streans (G bbons et al. 1985; Roper et al. 1994). Density estimates
from coastal streans of Oregon indicated that densities of age = 1+
steel head were significantly lower in riffles as conpared to ot her
types of habitat (Table 3 in APPENDI X B). Densities of age = 1+
st eel head exceeded 0.05 fish per n? in only 15%of the riffles that
were sanmpled. This density was incorporated into the health goal as
riffles are a primary habitat type in KMP streans.

Rel i abl e estimates of steel head densities can be difficult to
obtain. ODFWresearch has found that, unlike coho sal non, the nunber
of steel head counted by snorkelers are not highly correlated to
popul ati on estimates produced by either nmark-recapture nethods or
successi ve renoval methods (ODFW 1998). Counts of juvenile steel head
wi thin pools can also vary wi dely between snorkelers. Thus,
underwat er counts of fish may not result in reliable density
estimates, particularly for fry, and that different sanpling nethods
shoul d be inplenented. It seens inportant to develop reliable
estimates of fry densities because survival rates between the fry and
yearling life history stages can vary greatly between years.



Alternative estimation procedures include the mark-recapture
nmet hod and the multiple pass-renoval nethod, both of which require the
use of electrofishing gear. As electrofishing is presently not
permitted by NVFS in KMP streans, a section 10 permt will be needed.
O her difficulties with this approach include (1) cutthroat fry cannot
be effectively differentiated fromsteel head fry and (2) the
production of a |large nunber of steelhead fry does not necessarily
mean that a | arge nunber of steelhead snmolts will be produced.
However, areas to be sanpled can be randomy sel ected and shoul d
result in estimates that are applicable to the entire KW

The EMAP sanpling protocol can be used to select sanpling sites
to nonitor the densities of juvenile steel head in KMP streans.
Del i neation of steel head distribution in KMP streans will be needed to
randomy select sanpling sites. As with coho salnon, only first,
second, and third order streans should be sanpled in order to overlap
sanmpling for habitat parameters (Goal 2) and fish distribution
(Goal 3) with sanpling for juvenile abundance.

Proposed Monitoring Associated with Goal 2

Activity 2.1. Identify those areas of KMP streans accessible to adult
steel head. Record the data in GS files and update files annually as
nore accurate informati on becones avail able (sanme as Activity 1.1.).

Activity 2.2. Estimate the nean density of subyearling trout and age
> 1+ juvenil e steel head resident in KMP streans. About 50 sanpling
sites will be selected randomy using EMAP and will be linked with the
habi tat surveys described in Goal 1. At each sanpling site, fish
densities will be estimated in four randomy selected riffles and four
randomy selected units for other types of habitat.

Fi sh nunmbers will be estinmated using the multipl e-pass renova
method in riffles or other habitat units that are small enough to
precl ude snorkeling. Fish nunbers at renmaining sites will be
estimated with two nmethods. First, fish will be counted by
snorkelers. After units are snorkeled, fish nunbers will be estinated
by either the nultiple-pass renoval nethod or by the mark-recapture
nmet hod. The largest estinmate will be assuned to be the nost accurate
estimate of the nunber of fish present.

Density estimtes may be biased by the presence of cutthroat
trout or resident rainbow trout. Estimates of fry densities will be
excl uded from analyses if cutthroat trout conpose nore than 25% of the
age = 1+ trout seen or captured at that specific sanpling site.
Simlarly, density estinmates will be excluded from anal yses if
resi dent rainbow trout conpose nore than 25% of the age = 1+ trout
seen or captured at that specific sanpling site. Rainbow trout |onger
than 25 cm (fork length) will be assuned to be resident fish rather
than juvenile steel head.

Analysis 2.2.1. Estimate the nean densities of trout fry and age =
1+ steel head, and the associ ated 95% confi dence intervals.



Anal ysis 2. 2.
per n? falls w
Anal ysis 2.2.1.

2. Determne if the density goal of 0.5 trout fry
thin the 95% confidence interval estimted from

Analysis 2.2.3. Determne if the density goal of 0.1 age = 1+
st eel head per n? falls within the 95% confidence interval estimated
from Anal ysis 2.2.1.

Analysis 2.2.4. Determne if the density goal of 0.05 age = 1+
st eel head per minriffles falls within the 95% confidence interva
estimated from Anal ysis 2.2. 1.

Analysis 2.2.5. Deternmine if the density trends (fish density
versus tinme) differ significantly from zero.

CGoal 3

Juvenil e steel head should be present in at | east 80% of sites
accessi ble to spawners, or the percentage of sites inhabited by
juvenil e steel head shoul d increase through tine.

Steel head are widely distributed in the KMP. 1t is probable that
the distribution of juvenile steelhead in fresh water varies between
years due to variations in spawner abundance and streanfl ow during the
time period when adult fish mgrate within spawning streans. Barriers
to upstreammigration are not always readily apparent (Satterthwaite
et al. 1995) and can function differentially in years of varied water
yi el ds.

However, ODFW records suggest that juvenile steel head are usually
present in areas that are accessible to spawning adults. Absence of
juvenil e steel head probably indicates that a barrier is present
downstream or if a barrier is absent, then the streamor the
popul ati on has been exposed to sone type of catastrophic event.
Contraction of the rearing distribution of steel head throughout the
KMP woul d then likely be aligned with a significant decrease in the
anount of appropriate habitat.

The probabl e |inkage between the presence of steel head and the
qual ity of habitat suggests that steel head distribution can be sanpl ed
concomtantly with habitat. Sanpling sites chosen randomy with EVAP
for habitat nonitoring (Goal 1) and for nonitoring of the density of
juvenil e steel head (Goal 2) can al so be sanpled to determ ne whet her
juvenil e steel head are present. These random sanples can be used to
characterize the distribution of juvenile steelhead within the KM.

Proposed Monitoring Associated with Goal 3
Activity 3.1. Identify those areas of KMP streans accessible to adult

steel head. Record the data in GS files and update files annually as
nore accurate informati on becones avail able (sanme as Activity 1.1.).



Activity 3.2. Use the results fromsanpling for Activity 2.2. to
determ ne the presence or absence of steel head.

Analysis 3.2.1. Estimate the percentage of sites inhabited by
juvenil e steel head and the associ ated 95% confi dence interval.

Analysis 3.2.2. Determne if the distribution goal of 80%
habitation falls within the 95% confidence interval estimated in
Anal ysis 3.2.1.

Analysis 3.2.3. Deternmine if the trend in distribution (percentage
of sites inhabited versus tine) differs significantly from zero.

Coal 4

Mean production rates in intermttent streans used by spawni ng sunmer
st eel head should be a minimumof 7,000 trout fry per kil oneter.

In the early 1970’s, the O egon Gane Conmi ssion found that sunmer
steel head in the Rogue River Basin nost often spawned in snal
tributary streans, many of which becane intermittent or dry in summer,
and that those streans produced between 40,000 and 110, 000 steel head
fry that mgrated to the Rogue River for summer residence (Everest
1973, Faudskar 1980). |In addition, sone steelhead fry failed to
mgrate fromthese small streans (Everest 1973).

In 1995, ODFWfound that an average of 28% of the trout fry
(steel head and cutthroat trout) remained in nine small streanms of the
Rogue River basin that became intermttent or conpletely dried up
Production rates in the streans unaffected by dans vari ed between
2,000 and 12,000 trout fry per Kkiloneter and averaged about 7, 000
trout fry per kilonmeter (Satterthwaite et al. 1995). Assuning that
the findings represent a reasonable average for intermttent streans
in the basin, this production rate was chosen as a popul ation health
goal .

Estimates of total production require that traps be installed and
that upstream areas be electrofished to estimate the nunber of fry
that fail to mgrate. As electrofishing is presently not pernitted by
NVFS in KMP streans, a section 10 pernit will be needed. O her
difficulties with this approach include (1) cutthroat fry cannot be
effectively differentiated fromsteel head fry, (2) the production of
| arge nunbers of steelhead fry does not necessarily nean that |arge
nunbers of steel head snmolts will be produced, and (3) it seens
unlikely that a sufficient nunber of streans can be randonly sanpl ed
so that results can be used to nmake unbi ased inferences relevant to
all intermttent streans used by sunmmrer steel head.

Proposed Monitoring Associated with Goal 4
Activity 4.1. Estimate the nunber of trout fry that mgrate from six

intermttent streans historically used by spawni ng sunmer steel head
(Everest 1973). Use weir traps to capture juvenile mgrants and



assune that all trout fry are the progeny of sumer steel head.
Streans to be sanpl ed should be spread as evenly as possible
t hroughout habitat used by spawni ng sumrer steel head.

Activity 4.2. Estimate the nunber of trout fry that fail to mgrate
fromtrapped streans using nmethods described by Jones et al. (1998).

Analysis 4.2.1. Conbine the findings fromActivity 4.1 and Activity
4.2 to estimate the nmean production rate of trout fry and the
associ ated 95% confi dence interval

Analysis 4.2.2. Determne if the production rate goal of 7,000 fry
per kiloneter falls within the 95% confidence interval estimated from
Anal ysis 4.2.1.

CGoal 5

Annual returns to Gold Ray Dam should be a mininmumof 4,000 wild
sumer steel head and 4,000 wild winter steel head, while annual returns
to the Rogue River should be a mninmumof 10,000 wild [ ate-run adult
sumer st eel head.

The abundance of adult steel head in KMP streanms has been
nmonitored consistently only at two sites, both in the Rogue River
Because of pronounced differences in |ife history, abundance trends of
adult steel head may not covary between popul ations in the Rogue River
Basi n and popul ations in other river basins of the KMP. Consequently,
current nonitoring of adult steel head does not necessarily allow for
inferences to be drawn about abundance trends of adult steelhead in
the entire KM

O her neasures of popul ation health would need to be devel oped if
health goals are to be devel oped for adult steelhead in the entire
KMP.  Such neasures could include redd counts, counts of spawning or
hol di ng adults, construction of tenporary counting stations, mark-
recapture experinents, or hydroacoustic surveys.

ODFW has initiated an eval uati on of whether survey counts of
spawners or redd counts can provide reliable estimtes of spawning
escapenent for steelhead in coastal streans (ODFW 1998). Results from
this project will likely not be available in the proximl future.
Even if project findings indicate that reliable inferences can be
drawn from spawni ng surveys for steel head, results may not be
applicable to sunmer steelhead in KVP streans. Fenale sumer
steel head in KMP streans average 46 centineters in length on their
first spawning mgration (ODFW 1994), can spend | ess than two days in
spawni ng streans (Everest 1973), and excavate small redds that can be
very difficult to |locate or identify.

In addition, generic spawni ng escapenent goals have yet to be
established for steel head and would likely vary depending on the life
hi story strategy of the population to be nonitored. For exanple,
small tributaries of the Rogue River serve as nursery streans for



sumer steel head (Everest 1973). Wile it may be possible to estimate
t he nunber of spawners needed to seed these snmall streans, it wll
likely not be possible to estimate the nunber of spawners needed to
seed the downstreamrearing habitat in the Rogue River

However, data from ongoing efforts to nonitor the abundance of
wild steelhead in the Rogue River appears to be of value, especially
since returns of summer steel head are estimated at both sites. The
passage of summer steel head (early-run and late-run varieties) and
wi nter steel head has been estinmated at Gold Ray Dam (river kil oneter
202) since 1942. Nunbers of hal f-pounders and | ate-run adult sunmer
steel head that pass Huntley Park (river kilonmeter 10) have been
estimated since 1976 (ODFW 1994).

Stock-recruitment rel ationshi ps devel oped for wild steel head that
passed Gold Ray Dam from 1974 through 1997 (Chil cote 1998) suggested
that returns of about 4,000 wild sumer steel head and about 4,000 wld
wi nter steel head woul d be appropriate return goals. Each return goa
of 4,000 fish represent the |ower values of the 95% confi dence
intervals associated with estimates of the equilibrium abundance of
each popul ation (Chilcote 1998). Equilibrium abundance represents the
aver age maxi mum nunber of spawners that a popul ati on can maintain
based on habitat capacity and natural nortality as estinmated by a
Ri cker stock-recruitnment curve.

In addition, ODFW (1994) recommended that the harvest of half-
pounders be nanaged so that a mininmmof 10,000 wild [ ate-run adult
summer st eel head woul d pass Huntley Park. This reconmendati on was
devel oped from a conpari son of a fry abundance index with the nunbers
of parents estimated to have passed Huntl ey Park during the previous
year, although only eight years of data conposed the anal ysis (CODFW
1994).

Proposed Monitoring Associated with Goal 5

Activity 5.1. Enunerate the nunber of wild and hatchery steel head
that daily pass Gold Ray Dam Adults will be classified as w nter
st eel head, early-run summer steel head, or |ate-run sumer steel head.

Analysis 5.1.1. Determne if annual return goals were net.

Analysis 5.1.2. Determ ne whether the abundance trends (returns
versus tinme) differ significantly from zero.

Activity 5.2. Estimate the nunber of wild and hatchery late-run
steel head that pass Huntley Park as descri bed by CDFW (1994).
St eel head shorter than 41 cm (fork Iength) will be classified as half-
pounders, while longer fish will be classified as adults.
Analysis 5.2.1. Determne if the annual return goal was net.

Anal ysis 5.2.2. Determ ne whether the abundance trend (returns
versus tinme) differ significantly from zero.

10



CGoal 6

Fish with half-pounder |ife histories should conpose at |east 95% of
the late-run adult summer steel head in the Rogue R ver

Steel head in the KMP have nore diverse life histories as conpared
to counterparts in other areas along the coast of North Anmerica
because of the unusual false spawning run made by “hal f-pounders” in
the Klamath River and in the Rogue River. Little is known about the
life history of steelhead in KMP streans with the exception of the
Rogue River

Life history paraneters could be estimated from scal e sanpl es
collected fromw nter steel head captured by anglers in the 1980s and
in the 1990s. Scal e sanples archived by COFWi nclude 540 fish from
the Wnchuck River, 1,336 fish fromthe Chetco River, 114 fish from
the Pistol River, 62 fish fromHunter Creek, and 208 fish fromthe El k
River. However, it may be difficult to identify the origin of the
fish that conmpose the sanpl es because CDOFWdid not mark all hatchery
fish with fin clips until the 1990s. G ven the incidence of age one
snolts in at | east some popul ations of winter steelhead in the area
(OCDFW 1990), it remmins unknown as to whether scal e sanples can be
used to segregate wild and hatchery fish

Estimation of life history conposition of adult steel head can
necessitate that fish be randomy sanpled during the entire period of
fresh water return. Research has shown that recreational fisheries in
the Rogue Ri ver non-randomy sel ect anadronous sal nonids of differing
life history (Craner et al. 1985, ODFW 1990, CDFW 1994). Thus,
sanmpling with el ectrofishing gear, seines, or traps would likely be
needed to ensure that |life history paraneters were randonly sanpl ed.

It might be possible randomly sanple adult steel head throughout
the KMP by using EMAP to select sanpling sites where scal e sanpl es
could be collected fromfish proximal to spawning areas. However, any
sanpl i ng design should take into account differences in spawning tines
anong the KMP popul ations. Characterization of the life history of
steel head in the coastal streans is of value, but an appropriate
strategy to pursue remai ns unknown as of this tinme. Background
information is a prerequisite for the establishnment of sone life
hi story goal that can be used to evaluate the health of steel head in
smal | coastal streans in the KM

In contrast, nuch is known about the life history of steelhead in
the Rogue River. ODFW(1990) identified 14 |life history patterns
anong w nter steel head sanpl ed near the nmouth of the Rogue River
during four years in the late 1970s and early 1980s. In addition, the
life history composition of the run varied greatly anong years and
that sone w nter steel head had previously returned to freshwater as
hal f - pounders ( ODFW 1990).

The life history of summer steelhead in the Rogue River is also

diverse. ODFW (1994) identified 15 life history patterns anong | ate-
run adul ts sanpled near the nouth of the Rogue River during 1975-91
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As with winter steelhead, the |life history conposition of the run
varied greatly anmong return years and anong brood years (ODFW 1994).

However, a hal f-pounder return was the predom nate life history
pattern anmong | ate-run adults. Fish with a half-pounder life history
conposed an average conposed an average of 95% of the wild late-run
adult summer steel head that returned to the Rogue River in 1976-91
(OCDFW 1994). G ven that the hal f-pounders are al nbost unique to the
KMP, and that only two rivers within the KMP produce hal f-pounders,
mai nt enance of this unusual life history should be of primary
i nportance to ensure diversity anong steel head popul ations in the KMP
and anong steel head t hroughout the range of the species.

Proposed Monitoring Associated with Goal 6

Activity 6.1. Estimate the proportion of half-pounder life histories
anong | ate-run adult summer steelhead in the Rogue River. Life
history patterns will be determined fromcirculi patterns on scal es
taken fromw I d adult steel head captured at Huntley Park (ODFW 1994).
Scal e sanpl es shoul d be taken from about 200 randomy selected fish.

Analysis 6.1.1. Estimate the percentage of half-pounder life-
hi stories anong wild late-run adults and the associ ated 95% confi dence
i nterval .

Analysis 6.1.2. Determne if the life history goal of 95% hal f -
pounders falls within the 95% confi dence interval estimated in
Analysis 6.1.1.

Analysis 6.1.3. Deternmine if the life history trend (proportion of
adults with the half-pounder life history versus tine) differs
significantly from zero.
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APPENDI X A

ODFW BENCHVARKS OF HABI TAT QUALITY FOR
STREAMS OF WESTERN OREGON2

POOLS
Area (of total stream >35%
Frequency (channel wi dths between pool s) 5-8
Resi dual depth (average nmaxi mum pool depth - average riffle depth)
Smal | streams (<7min wi dth) >0. 5m
Medi um streans (=7m and <15min wi dth)
Low gradi ent (slope <3% >0. 6m
H gh gradi ent (slope >3% >1. 0m
Large streanms (>15min wi dth) >1.5m
Frequency of conplex (wood conplexity rating >3) pools >2. 5/ km
Rl FFLES
W dth/depth ratio (of active channel) <10
Gravel (area within riffles) 235%
Fines (silt, sand, and organic material)
For substrate of volcanic origin (area within riffles) <8%
For substrate of sedinentary origin (area within riffles) <10%
For stream gradient <1.5% (area within riffles) <12%

SHADE ( Reach Average)

Streamwi dth < 12m >70%
Streamwi dth > 12m >60%

LARGE (M ni mum 15cm x 3m) WOODY DEBRI S

Number/ 100m of stream >20 pi eces
Vol ume (n3)/100m of stream >30 m3
“Key” (mininmum 60cm x 10m) pieces/100m of stream >3 pi eces

Rl PARI AN CONI FERS

Nunmber >20" dbh/ 1000 ft of stream >300 trees
Nunmber >35" dbh/ 1000 ft of stream >200 trees

@ As described in: More, KMS. 1997. Habitat benchmarks. Unpublished
manuscript. O egon Departnent of Fish and Wldlife, Portland.
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APPENDI X B

LI TERATURE REVI EW RELATED TO THE DENSI TY
OF JUVEN LE STEELHEAD | N STREAMS

Def ense of feeding territories is a conmon behavi or anpng
sal nonids resident in streans. Aggressive interactions may then
partially determ ne the maxi mum density of sal nonids in streans.
Grant and Kramer (1990) used data published fromlaboratory and field
studi es, and found a positive relationship between territory size and
the size of individual salnonids. Further evaluation indicated that
the nodel could be used to predict maxi num densities of salnonids in
shal | ow habitats such as riffles or raceways. Their nodel predicted
maxi mum densities of 3 fish/m when fish average 8 cmin length and
0.7 fish/m? when fish average 14 cmin length. These |engths
approxi mate the nean | engths of juvenile steel head in O egon coastal
streamduring |ate sumer or early autum.

However, because a nultitude of physical and biol ogical factors
act to limt the nunber of juvenile steelhead in streans, a review of
publ i shed esti mates of rearing densities nmay provide nore appropriate
insight as to the capacity of streanms to rear juvenile steel head.

Ward and Sl aney (1993) estimated that the densities of steel head
fry one nonth after enmergence averaged 0.34 fish per n? and r anged
bet ween 0.11 and 0.92 fish per m? during 1976-1982 in the Keogh River,
British Colunmbia. A density of 0.3 fry per m is considered to be
about the average density of steelhead fry in coastal streans of
British Colunbia (cited by Hunme and Parki nson (1987).

Burns (1971) estinmated sunmmer densities of subyearling trout in
three small coastal streams of northern California during 1965-67
Densities ranged between 0.07 and 0.14 fish per m? in Godwood Creek
and ranged between 0.60 and 0.92 fish per M in the South Fork of
Yeager Creek. Burns (1971) found that densities of subyearling trout
decreased over the course of the season in North Casper Creek. In the
three years of sanpling densities ranged between 0.81 and 1.61 fish
per n? in June, while densities in Cctober ranged between 0.47 and
0.52 fish per

Johnson and Kucera (1985) also found that densities of
subyearling steel head decreased between early sunmer and autumm in
three tributaries of the Cearwater River, Idaho. OCctober densities
in these three streans ranged between 0.27 and 1.00 fish per

Hune and Par ki nson (1987) planted steel head fry of hatchery
origin in sections of Lynn Creek, British Colunbia, at densities of
0.13 to 2.10 fry per m?. Fry were planted in July or August and the
densities of remaining fish were estimated in |ate Septenber or early
Cct ober. They found that densities of subyearling steel head increased
with stocking rate. However, regardl ess of stocking rate, autumm
densities of subyearlings were less than 0.6 fry per n? in 31 of 32
sanple sites. In 34 of 37 sanple sites, the autum densities of ol der
juvenile steel head were less than 0.2 fish per
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Wentworth and LaBar (1984) planted steel head fry of hatchery
origin in sections of Lews Creek, Vernont, at densities of 0.84 to
1.76 fry per né. Fry were planted in May and the densities of
remai ning fish were estimated in October. They found that, regardl ess
of stocking rate, autumm densities of subyearlings ranged between 0.13
and 0.78 fish per

Seel bach (1993) estimted that autumm densities of subyearling
steelhead in the Little Manistee River, M chigan, averaged 0.23 fish
per n? and densities of age > 1+ steel head averaged 0.07 fish per
during 1981-84. There was little variation in the annual densities of
age = 1+ steel head. Seel bach (1993) al so referenced densities of
juvenile steelhead in other Great Lakes streanms. Densities of
subyearling steel head ranged between 0.01 and 2. 30 fish per ne, while
densities of age = 1+ steel head ranged between 0.02 and 0.37 fish per

G bbons et al. (1985) reported densities of age = 1+ steel head
from 13 streans and river basins sanpled in western Washi ngton between
1976 and 1984. Densities ranged between 0.01 and 0.20 fish per
Mean densities averaged 0.07 fish per nm? for streans that drained into
Puget Sound, while densities averaged 0.03 fish per m? for streans
that drained into the Pacific Ocean. Johnson et al. (1986) estimated
that the densities of age = 1+ steel head in seven streans in southeast
Al aska ranged between 0.01 and 0.31 fish per n? during summer.

Sone information is avail able fromcoastal streans of Oregon
Roper et al. (1994) estimated the densities of subyearling and ol der
steel head in eight reaches of Jackson Creek, a tributary of the South
Umpgqua River, in the sumrer of 1989. They found that the densities of
steel head fry ranged between 0.09 and 0.23 fish per nm, while the
densities of ol der steel head ranged between 0.05 and 0.18 fish per .
They al so found that both age groups of steel head were not distributed
randomy within the streamand that habitat use differed between
stream reaches.

The Sal nonid Habitat Project of ODFWestinmated the densities of
juvenil e steel head and subyearling trout in nunerous small streans
along the central and north coast of Oregon in 1985-92. Different
types of stream habitat were sanpl ed each year during sunmer and
during winter. In general, densities of juvenile steel head and trout
fry were greater in sunmer as conpared to winter (Rodgers et al. 1990;
Johnson et al. 1991; Solazzi et al. 1992).

Juvenile trout =2 9 cmin length were classified as steel head or
cutthroat trout that were age = 1+. Only a portion of the trout of
smal l er sizes could be visually identified to species. However, nost
of the subyearling trout were probably steel head because steel head
were the dom nant species anong ol der juvenile trout (Rodgers et al
1990; Johnson et al. 1991; Sol azzi et al. 1992).

Estimates of fish densities during sumer were retrieved from

project records and were anal yzed. There were 1,375 density estinmates
for trout fry and there were 1,387 density estimates for juvenile
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steelhead. Al of the data were collected fromfirst, second, or
third order streans. Fish densities were estimated by the renova
nmet hod (Seber and LeCren 1967). These data were anal yzed to
characterize rearing densities and to determne if fish densities
differed anong types of aquatic habitat.

Densities of subyearling trout and juvenile steel head exhibited a
non-norral distribution (Table 1). Various types of transformations
failed to produced normally distributed data, so the data was anal yzed
Wi th non-paranetric statistics.

Densities of subyearling trout ranged between 0 and 5.8 fish/ ne.
More than 80% of the estinmates were |ess than 0.50 fish/m? (Table 1).
Densities of juvenile steel head ranged between 0 and 1.4 fish/ n?.
More than 80% of the estinmates were |ess than 0.10 fish/m? (Table 1).
It is inportant to note however, that sanpling sites were primarily
chosen to estinmate densities of juvenile coho sal non, which tend to
inhabit different types of streans as conpared to steel head. |If
sanpling sites had been chosen randomy, project personnel believe
that densities of juvenile steel head woul d have been greater.

The project identified fourteen types of aquatic habitat in
Oregon coastal streanms. Sanple sizes appeared sufficient in sone
years to conpare fish densities in five types of habitat: latera
scour pools, md-channel scour pools, glides, riffles, and rapids.
Fish densities were conpared only within years because variations in
spawni ng escapenent and winter survival rates were likely responsible
for variations in fish production anong years. Conparisons were made

Table 1. Densities of subyearling trout and juvenile steel head as
estimated in coastal streanms of Oregon, 1985-92. Data includes all
years of sanpling and all habitat types.

Subyearling trout Juveni | e steel head
Fi sh/ n? N % Fi sh/ n? N %
0. 00-0. 25 873 63.5 0. 000- 0. 025 745 53.7
0. 25-0.50 279 20. 3 0. 025-0. 050 199 14. 3
0.50-0. 75 122 8.9 0. 050- 0. 075 137 9.9
0.75-1.00 45 3.3 0. 075-0. 100 96 6.9
1.00-1. 25 27 2.0 0.100-0. 125 62 4.5
1.25-1.50 10 0.7 0.125-0. 150 46 3.3
1.50-1.75 7 0.5 0. 150-0. 175 29 2.1
1.75-2.00 3 0.2 0.175-0. 200 13 0.9
2.00 9 0.7 > 0. 200 60 4.3
Tot al 1, 375 100 Tot al 1, 387 100
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with a Kruskal-Wallis test, which is a single factor anal ysis of
variance on ranks.

Results indicated that trout fry densities differed significantly
anong different types of aquatic habitat. However, differences were
not significant in one of the five years and differences were not
al ways consi stent anong different types of habitat. Trout fry
densities were significantly lower in md-channel pools during two of
three years, were significantly lower in riffles during one of five
years, and were significantly lower in rapids during one of five years
(Table 2).

Table 2. Conparisons of trout fry densities within five types of
aquatic habitat in Oregon coastal streans, 1988-92. Estinmates are
reported only for those groups were sanple sizes exceeded 20. Wthin
colums, densities with dissimlar superscripts differed significantly
at P < 0.05 as determined by Dunn's test.

Medi an density (fish per n?)

Habi t at type 1988 1989 1990 1991 1992
| ateral scour pool 0.2128b -- 0.132a 0.20ab . 1gab
m d- channel scour pool -- -- 0. 06P 0. 244 0.12b
glide 0.368  0.328  0.132  0.258b . 252
riffle 0.18b  o0.278  0.182a  0.158b . 1g8ab
rapid 0.288b  p.182  0.232  0.18b 0. 22ab

In contrast to trout fry, juvenile steel head exhi bited nore
pronounced preferences for certain types of habitat. In each of the
five years, densities were lower in riffles as conpared to other types
of habitat (Table 3). D fferences anong other types of habitat types
were al so found, but the differences were not always consi stent anong
different types of habitat. Densities of juvenile steel head were
significantly lower in glides as conpared to pools during two of four
years, and were significantly lower in rapids as conpared to pools
during one of four years (Table 3). These findings indicated that a
popul ation goal for the rearing density of juvenile steel head woul d
need to be sensitive to different types of habitat.

The Sal nonid Habitat Project of ODFWal so estinmated the sunmer
densities of subyearling trout and juvenile steelhead in Cumm ns Creek
and Tenmi |l e Creek on the central coast of Oregon in 1991-98. Annua
density estimates of trout fry in Cumm ns Creek averaged 0.14 fish per

and ranged between 0.07 and 0.25 fish per n? (Table 4). Annual
density estimates of juvenile steelhead in Cummins Creek averaged 0. 06
fish per n? and ranged between 0.03 and 0.10 fish per n (Table 4).
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Tabl e 3. Conparisons of juvenile steel head densities within five
types of aquatic habitat in Oregon coastal streans, 1988-92
Estinmates are reported only for those groups were sanple sizes
exceeded 20. Wthin colums, densities with dissimlar superscripts
differed significantly at P < 0.05 as determ ned by Dunn’s test.

Medi an density (fish per n?)

Habi tat type 1988 1989 1990 1991 1992
lateral scour pool 0.0182b -- 0.0008b  0.0362  0.058ab
mi d- channel scour pool -- -- 0.000ab 0. 0752 0. 0924
glide 0.0138b  0.0242b  0.0o0P  0.020ab  0.031P
riffle 0.000b  0.017P  0.000P  0.000P  0.013C
rapid 0.0518  0.0598  0.0298  0.0212  0.031b

Juvenil e steel head were nore abundant in Tenmile Creek as conpared
to Cummins Creek. Mean densities of trout fry in Tenmle Creek ranged
between 0.31 and 0.46 fish per n?, while mean densities of juvenile
st eel head ranged between 0.05 and 0.12 fish per n2 (Table 4).

Table 4. Annual summer densities of subyearling trout and juvenile
steelhead in two small streans on the central coast of O egon, 1991-
98.

Mean (range) fish per m?

Pool s dides Riffles Entire stream

SUBYEARLI NG TROUT

Cunmins Creek 0.13(0.06-0.24) 0.16(0.08-0.36) 0.14(0.08-0.24) 0.14(0.07-0.25)
Tenmile Creek 0.36(a) 0.46(a) 0. 31(a) (a)

JUVENI LE STEELHEAD

Cunmins Creek 0.09(0.05-0.15) 0.04(0.02-0.07) 0.04(0.02-0.07) 0.06(0.03-0.10)
Tenmile Creek 0.12(a) 0. 06(a) 0. 05(a) (a)

a Estinmates not avail abl e.
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