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ABSTRACT

In behavioral, genetic, and popuistion characteristics, westslope
cutthroat trout are Bubstsptislly differemt than other trout. They are
unigquely adapted to the zterils, relativsely cold envirooment of northern
Idaho and are particularly wvulpersble to anglers. Westslope cutthroat

grout probably represent the best mnnngement option for much of morthern
central Idaho.

Historically, weetzlope cutthrost trowt were found in wirtusally all
waterg of Idahe north of and imncluding the Salmen River drainsge. We
believe that visble populatioms still exiszt im 367 of the historic range,

but stromg populstions ars in omly 11Z. Mest stromg populatians are in
roadless and wilderness aress.

H@stslcpa cutthrost trout populations have responded drametically to
regtrictive fishing regulations. Several very important fisberies now
exist under this type of management. With comtimuing lces of habitat and
incressed sccees and angling pressure, special regulations and, perhaps,
- the extreme of catch-and-release fishing will be necessary tc maintain any
viable populatiom.

Some populations have not responded to Bapnage=ment., and hatchery
programs have been successful only in mountain lakas. Lost habitst,
gempetition and predation with istroduced fishes, and hybridizstion may
2ll prevent some populsticms from rebullding, even under intensive
management. Social conflicty with complez regulatioms snd mized-ztock
management can alsc result ip angler nencnmpl;aace amd & 1ack of publ;c
. support for cutthraat managemant. R T

Futurs work sghould include a2 genetic inventory to identify
populations with the best potential for management and the hest sources of
broodstock. Research should focue om problems with hatchery production,
gtanderds for inventcry 2nd monltoring, snd cleer demcmetration of habitat
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problems. Msnagement should priorietize protectionm of genetic integrity
and habitat for remsining stromg populations sud closely weigh the costs
and bensfics of rehabiliczting depressed and remmant stocks. Management
should slsc explore new altermatives for minimizing social conflict and

develop clesr policy on when wild populations should bs considered not -é,
visble. ( : R

Authors: T e ERL e e
Eruce B. Ri&man S T ? o o
Principal Fishery Research Biologist

Kimberly A. Apperson
Fishery Research Biologist
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IRTRODUCTION

Westslope cutthroet trout Oncorhynchus clarki lewisi represent a
tremendously important fishery rescurce for Idaho. They once were the
dominant trout throughout the central and northern part of the state and
in some areag remain sc. We have had some striking successes with
management of trout under special regulaticns, and several streams provide
very popular snd even nationelly recognized fishing. Smell resident
cutthroat persist in some gmall, hesdwater stresams and &lso provide an
important opportunicy for anglers recogrizing the intrimsic value of
fishing for the fnmatives." In general, however, mensgement and fishing

for westslope cutthrost trout 1s associdted with the word-decline. Many--
populaticone are remmants of historic ones and some are extinct. Dramatic
declines sre particularly evident in the large lakes of the Panhandie.

A lot of research and management work has been done with westslope
cutthroat trout. ' There is s large volume of literature available, most of
it in the form of agency reports. There is slsc informetion tucked away
in files, memos, and biclogists® minds that is not readily accessible.
Much of the work done on westslope cutthroat trout has focused on specific
popularions and specific or local mensgement problems. Because westslops
cutthroat populations are sensitive to change., problems ere common. As 2z
result, special management programs or reguests for research om 2
particular populstion afe common. Because the data, experience, and
information on westalope cutthroat trout is large and not readily
sccessible, and becsuse bioclogist and menagers rarely heve the time to
become experts on 8 particular topic, our biclogy may not slweys meke the
best use of experience. The rezult may be a piecemeal and independent
approach to cutthroat management among states, AMONE Our managemant
regions, and even among cutthrost populations within s region. It seems
prudent tc step back and take a larger look at research on, and management
of, westslope cutthroat trout. The goal of this report was to surmarize
existing knowledge and to identify the most important problems to be
sddressed by future research and menagement. Our cbjectives were:

i. To describe the current status of westslcpe cutthroat trout
populations in Idaho.

2. To summarize current literature, knowledge, and experience with
westslope cutthroat trout, and provide a synopsis useful for

“updating” biclogists working with the subspecies.

3. To provide reccommendations for future management and research

priorities.

Our spproach wss threefcld. First, we conducted a3 review of
gvailable literature. We provide a2 synopsis of important resulis,
observations and ideas, and a list of references used o develop that
information. The litevsture is large snd sometimes redundant. Even with

this “focused” attempt. we found 1t difficult to resd and digest it all.

INTRO 3



Much of it we simply did not cover in anvy detail, and information of
specific impertance may have Deen omitted. To assist any further reviews
we "alse imclude refervemces for papers we did not cite but which coatain
information on, or relevant to, westslope cutthrost trout. Second, we
used a2 simple simulation approach and sensitivity analysis te examine data
commonly used to model population responses. We used the asimulations o
lnok at ths relative importance of data that might be collected in typical
bBiclogical surveys. Third, we haeld a workshop of biclogists with
experience in westslope cutthroat trout biocleogy 4nd menagsment. The
workshop wess anm attempt to gather the unpublished information and
experience. Much of the workshop results are zepresented in this report
as “"personal compunications.” We alss used the workshop as a forum for
discussion of the idess and conclusions that were taking shape from the
literature review and mcdeling. Many of ocur conclusidng were either
strengthened or modified from those discussions.

The authors of this report do not have the depth of experience with
westslope cutthroat trout that several biologists have gzined from years
of work. In some cases, our interpretatioms and synthesis of ideas may be
controversial, or sven wromg. Management of westslope cutthrost trout has
been difficult. complez, and sven emoticnal. We do neot profess to solve
some of the very difficult problems or makes the difficult decisions.
Hopefully this work can generate the discussion and focus, however, to
help in that process.

The report iz writtem in major sectiems related to biclogy and
menagement. Each section is summarized, and the entire report is recapped
in the finel sectiom of Discussion and Comclusionas. The casual resder can
make a gquick review by focusing on those sections.

INTRG
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RECOMMENDATIONS

Manage westslope cutthrost trout as the number one priovity in waters
supporting the remaining stromg populaticns. Emphasize: 13
maintenance of habitst in entire drainages:; 2) restricted harvest or
catch-and-releage fishing: and (3) maintenance of genetic integrity by
elipinating intreduction ¢f other trout.

Emphasize angler sducstion rsther than regulation in waters where
westslope cutthroet trout are & secondary mansgement priority.
Emphasize identification, wunigue characteristics, exLreme

“wiulterability to- fishing -end -habitat.-less, and encoursge voluntary

relesse.

In waters where westslope cutthroat trout are a secondsry manggement
priority, support new work on the feasibility cof alternative
regulations (i.e., one-fish bag, rotetiomal closure, species-specific
size or bag, and zoning)-.

Conduct & genetic inventory (biochemical methods) throughout the range
of wviable populations. Ulze the results to identify brocdstock
sources, to provide baseline data for monitoring genetic management,
and te identify populations with the best potential for priority
Dnanagement .

Develop & new broodstock with broad genetic diversity and genetic
purity for use in maintensnce oifi gountain lake programs, and
maintenance of cutthreet fishing opportunity where viable, wild
populations cannct persist. Incorporate as many Idahce populations as
possible to inciude any unigue alleles and maximize genetic diversity.

Do not wse hatchery supplementation with viable but depressed wild
populations unless the broodstock is developed only from the local
populaticon. If at all possible, attempts to reintroduce westslope
cutthroast trout in barren hebitat should use broodstocks with
characteristics similar to the native stock.

Use hatchery fish to maintain fisheries {(put-and-grow or put-and-take)
primarily in small lakes with few potentisl predators or competitors.
Maximize size-at-relesse to minimize time from release to recruisment
ta the fishery. Eliminate hatchery meintenance of fisheries if return
to the creel or economic benefit is not demonstrsted as cost
effective. Fishery managers should develop specific criterisz that
define acceptable retumrms or economic bemefits.

Support new work to clarify the best size and time of release for
reintroduction programs (i.e., unfed fry, fed fry, or fingeriing).

Develop new populations from adfiuvisl stocks to “gens bank’
potentially unigue gemetic material. Support new work on the genetic
basls of different Life history pattemns.

RECOMMEND
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1G6. Develop specific and objective criteria for decisions on eliminating
westsiope cutthroat ss a management pricrity.

1i. Consider all regulation changes a3 management experiments. Where
possille. wuse extreme alternatives (closure) to eiiminate the
influence of confounding factors in populatiom responses.

12. Develop standardized population sampling and reporting methods to
facilitate long-term monitoring and comparison of data among
drainages. Use the exzisting deza bese to record information.

13. Support new work that can demonstrate relations between land use and

_westslope cutthroat habitat in belt geolog;es and between land use

and westslepe cutthroat population potential in any land type. i
14. Where drainagewids habitat maintensnce is impossible, emphasize
protection of small tributary streams.

15. Do not accept lgcal habitat manipulation {structurces) as full
mitigation for land-use management that affects entire drainages.

16. Support new work to define the socciological trade-offs between
nonconsumptive wild trout menagement and lost or displaced angling
oppertunity. Develuop objectzive criteria for thes allecation of wild
trout opportumity. In the absence of that information, management
priorities should be as ocutlined in Escommendations 1 and 2.

RECOMMEND



History and Characteristics

Historically, westsiope cutthroat trout COocorhynchus clarkil Jewisi
were the dominant salmonid in streams of central znd northerm Idzho
{Behnke 1%72a; Behnke and Wallace 1986). The range s#xtended intc Montana
and Csnada throughout the headwaters of the Columbis and also into
headwaters on the esstern side of the Continental Divide {Behnke 1979;
Trotter L887) .

We beliewe the historic distributiom in Idaho included all of the
Koctenai River drainage above barrier fails and all of the Pend Creille
and the Spokane River drainages. Wese¢slope cutthroat trout were obvicusly
present in the upper Clearwater drainage and the Salmon River azbove and
including the South Fork. We have no clear records of cutthreat in lowsr
tributaries of either river, although habitat would have been suitable.
Behnke {(1%79) found no evidence of cutthroat in tributaries to the Snake
River above the Salmon. The Weiser, Payette, and Boise River bagins all
contain what could have been ideal and accessible habitat for westslope
cutthroat trout. A personal diary kept by Ted Trueblood notes catches of
“navive cutthroat”™ in tributaries to the Middle Fork Boise River. The
observations., however, could have been a2 confusion with the "redband"
trout, a form of raimbow trout Oncorhvnchus mykiss believed to be native
to these drainages (Robert Behnke, Coclorado State University, personal
communicarion}. These rainbow trout commonly show a red “"slash” very
similar to cutthroat. "

We found little data documenting historic abundance of westslope
cutthreat trout, but densities were probably high throughout ¢he range.
Captain Mullan described Cceur d'Alene Lake as "2 noble sheet of water
filled with an abundance of delicious salmon-trout®™ {Ellis 1832). From
1901 ro 1905, the St. Maries (Courier reported catches of 7 to ¢ 1lb. trout
and {fishing trips where anglers caught 50 to 100 “"speckled trout®

‘averaging 3 to 3 lbs.: in 18%2, trout were & majior source of protein to
settlers and were commonly sold in Wallace butcher shops (Idaho Fish and
Game, Region 1 Fiies). Gilbert and Everman {18%4} reported that the Pend

Oreille River was "abundant with trout and saimon trout.” Only bull trout
Salvelinus confluentus and cutthroat trout were native to mest of these
drainages. From current wunderstanding of habitet use, trophic status, and
abundance in undisturbed areas, we believe cutthroat were easily the
numerical dominant of the twe. Residents of the South Fork Saimon River
drainage reported cutthroat as common, with fish ranging up o 430 mm
{Thurow 1987;.

Biclogists believe that cutthreoatr were the first of the FParasalmo to

penetrate inland from the Pacific. Fish moving into the headwaters of the
Columbia are thought to have been isclated by gealeglc diversions and ice
dams about 1 milliion vears ago, forming the first divergence from the
cutthroat group. As many as 16 subspecies, with 8 mzjor subspecies, zrs
now recognized (Behnke 1979; Trotzer 1987:; Allendorf and Learvy 18883,

ROFE0TBIL



Isplation of cutthroazt in drainages of the upper Columbia led to the
evolution of the form now known as the westslope cutthrose trout. Behnke
(1979} and othsrs believe that this group spread from the Columbia to the
Clearwater River, Salmon Rivar, znd drainages eazst cf the Continental
Divide by headwater capture during periods of glaciation. The presence of
weatzlope cutthroat trout above many barrisr falls suggests that they
preceded the advent of rainbow trout and chipook salmon COncorhvnchus
tshawytche throughout the Columbia Basin (Behnke 1379).

Westslope cutthroat trout probebly evolved im coexistence with bull
trout, mountain whitefish Prosoplum williamsonmi, norcthern squawfish
Peychocheilus coregonensis, and several species of cyprinids and sculpin

Cottus -Epp...-They coexist naturally with rainbow trout (steelhead) and

chinook salmon only in the Clearwater and Sslmon River drainsges. EKRainbow
trout occur naturally in the Xootenai River system above Koctenmay Lake,
but we believe westslope cutthroat trout were found in that drainage only
above bharrier falls (Ned Horner, Idaho Fish and Game: and Dick Wallace,
Universicy of Idaho, personal commpunications).

Early isclatiom in the upper Columbis resulted im distinct
differentiaticon £from other cutthroat. Available data suggest that
westslope cutthrost trout are genetically more similar to rainbow trout
and cosstal cutthroat than they are to four subspecies (Yellowstone, Snake
River, Green River, Cslorado) thought teo have diverged from the coriginal
cutthroat in the upper Snake River (Behnke 1979; Loudenslager and
Thorgaard 1979; Loudenslager and Gall 1980=a, 1584D; Allsndorf and Ryman
1987: Allendorf and Lesary 1988). The subspecies canm be clearly
distinguished electropheretically {Allendorf and Leary 1983). Genetic
divergence between wastslope cutthroat trout and other subspecies exceeds
that typical of other conspacific fish (Allendorf and Leary 1988).
Allendorf and Leary (1988) beliasve differsnces are important enough o
recognize westslope cutthroat trout as a3 separate species.

Differentiation in cutthroat is evident phenotypically as well. The
subspecies can be partly distinguished on the basis of spotting pattern
and meristic characteristics (Roscoe 1974: Behnke 1979: Wallace 1980).
Biologists recognized differences in appeazance and hehavior of westslope
cutthroat trout and Yellowstome stocks as early az the 1$50s (Bicenn
1957a, 1957b; Hanzel 1939:; Behoke 1979%). Distinct differences in survival
and performance im different waters have become ghvious more recently
{Behnke and Zarm 1976; Behnke 1979: Marnell et al. 1387).

Westslcps cutthroat trout ssem to be particularly well suited to a
relatively sterile znd cecld environment. Forage consists primarily of
invertebrates. Stream and lake populations rely heavily on insects
(Bjornn 1957b; Ortmann 196%; Athearn 1973) and, in some cases, zooplank:ton
{McMuallin 1%7%}. Small fish are sometimes eaten {(Ortmenn L1%69: Mauser
1972;: Goodnight and Mauser 19817, bue unlike other cutthroat. piscivory
seems rare. 1he westslope cutthros: trowt food habits probably reflect
an evoluticon with other fish predators (bull trouc, nerthsrm sguawfish)
in unproductive waters where forage was limired (Behnke 1979: Trotter
1987; HMermell et al. 1987}, Many stocks alsc show extensive seasonal
movements. During supmer., the bulk of a population may Ilohsabic upper main

8
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stem and tributary areas, moving downstream up to 1920 km or mors to
overwinter {(Malle: 1563; Bjcornn and Maliet 1964; Lewynsky 1986; Wilson et

atl. 1987; Apperson et al. 1988: Peters 1988). Downstream movements Seem
to be an adaptation to haebitar svailability (Chapmen and Biornn 196%;
Biornn 1%71; Lewynsky 1986:; Wilson et al. 1287; Peters 1988). High

guality pools which cffer winter cover {and perhaps protection from common
winter floods in the species range) are often more availsble lower in a
drainage. In some populstions where high quality pools are svaileble in
gummer habitat, little or no movement occurs (Peters 1988). Westslope
cutthrost trout mey also spawn and rear in the very small tributaries of =2
drainsge. An sdaptation thought to mindmize vulpnerability of embryos or
juveniles to dramatic varistion in spring flows and scour typical of

moun t 2 in - t reams ( .J ohn §eE 195 3= Lukenslg? B;GmbliﬁlgaaﬁPEt@rg 19 58 ; "

Westslope cutbthrpat trout show three distinct life-history forms.
Resident popuiations inhabit smell hesdwater streams and are not believed
to migrzte {(Averetr 1%62: Bjormn 1975; Thurow and Bjormn 19$78;. Resident
populations occur throughout the range in Ideho. Fluvial populations use
larger streams and main rivers and may show the extensive migrations
described emrlier. Fluvial westslope cutthrost trout represent the
dominant form in Idsho &nd support most of our current {fisheries.
Adfluvial populations are associated with the large lskes in northern
Idaho. Typically, adfluvial stocks spewn and rear in tributary streams
gnd migrate to a lake at age 2 to &,

 Extended tributary resring, which iz less common in other cutthroat
subspecies, may be an adaptation to evolution with predatcrs (Marmell =t
al. 19873. All three of the life-history forms may occur in an individusl
drainage. Although distributions have not been clearly documented, we
believe that adfluviasl stocks are usually domipant in tributaries to lower
reaches ¢f & drainage and in small streams directly tributary to a lake
{Thurow and Bjornn 1978; Apperson et al. L988).

Many bioclogists believe the specific adsptation that has occurred in
westslope cutthroat trout makes them better suited to north-centrzl Idabo
than other trout. Westslope cutthroat trout can occupy a greater range of
" habitsts than typically seen in rainbow trout, other cutthroat, or brock
trout Salvelinus fontinalis. They may be more efficient as well, reaching
large sizes in relatively unproductive waters. Westslope cutthrost trout
commonly exceed 400 mm. aAnglers freguently catch fish in excess of 300 mm
in waters where exploitation is limiced. Brook trout, which have been
imtroduced throughout the ranmge, have not produced comparable fishing.
Rainbow trout which heve been established in much of the range typicslly
inhabit only the lower reaches of a drainage. Attempts to introduce
¥Yellowstone cutthroat trout have failed to produce viable populations
{Beach 1971; Heimer 1970: Goodnight sand Mauser 1974) perhaps because thatx
subspecies is poorly adspted to the predation, parasites, and low

productiviety typical of the westslope cutthroat trout range (Marnell et
al. 1987},
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The degres of genstic divergence within the westslope cutthroat trout
subspecies alsoe asppears to be high. Electrophoretic analysis shows
that genetic variztion is low within populations but relatively high among
populations (Leary et al. 1987: Allendorf amd Leery 13%88). The genetic
wariation in westslopes cutthroat trout is distinctly differemt than in
Yellowstone cutthroat trout where most of the gemetic variation in the
subepecies occurs within and not among poepulacions (Allendorf and Leary
14883, Maintenance of genetlc diversity in westslope cutthrost trout
stocks will, therefore, require the maintenance of many discrete
populations (Leary ec sl. 1983: Allendorf and Leary 198&).

We do not koow if the genstic divergence among populations is
ingicative of important local adaptation and “stock”™ level differences.

As vet, there is no clear evidence that even tHe diffevent ITife history
patterns represent a genetic differentiation. Managers in British
Columbiaz do believe that releases of an "adfluvial® stock in a large river
provided poor returns because those fish migrated cut of the system
{Gerry Cliver, British Cclumbia Ministry of Envircoment, personal

communication). Adfluvial stocks also have developed in new reservoirs:

only when an adfluvial population was trapped in the new system or
introduced (Behnke 157%). Specific or local adaptaticm cam strongly
influence the performance of other fish (Kapuscinski and Philipp 1988).
Manasgement of anadromous salmonids cleerly recognizes a3 stock comcept and
the problems inhereat in transplantation or replacememt of local stocks
{see for example ODFW 1586; Heisenbichter 1%88). Management of westslope
cutthroat trout has barely reached the point where such comcerns might be
important. If artificial supplementatiom and reintroduction programs
continue, however, local adaptation should be considered.

Westslope cutthroat trout provide a distinctly differemt f£ishing
opportunity compared tc other trout. Westslope cutthroat trout ware
substantially more vulnerable to angling than raimbow trout and brook
trout in the same streams (MzcPhee 1966; Lewynsky 198%5). High
vulnerability may be the result of aggressive feeding developed through
evolution in unproductive water. In any case, westslope cutthroat trout
are readily availsble to stream anglers, and even low densities of fish
can support good catch rates. In lakes, cutthreoat are often asscciated
with the shoreline znd the surfazce. Many anglers find cutthroat readily
available to simple gear, while those fishing for other trout or kokanee
Oncorhynchus nerka may need elaborate trolling equipment (Ned Heorner,
Idaho Depariment of Fish a2nd Game, personal communication). The
difference in distribution amd availability can add an important diversity
to a2 fishery. Many anglers also find scme intrimsic value in fishing for
"wild® or “native® fish (Behnke and Zarm 1976). Westslope cutthroat
trout, bull trout, mountain whitefish, rainbow trout (residualized
steelhead), and chincok salmon are the salmonids native to north-central
Idahs. The westslope cutthroat trout probably represents the most
available of these fishes to most Idaho stream anglers. That anglers find
some intrinsic value in cutthroat is supported by recognitiom of cutthroas
as one of the three most prefesrred species in the recent Idaho anglsr
surver {Reid 1989}, -
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Montana biologises believe zhat westslope cutthroat trout offer
higher fishery wvalues thasn any other species or programs in much of their
northwestern water {Joe Huston, Scott Ramsey, Brad Shepard, HMontenza
Department of Fish, Wildlife, and Parks, persomal communications). They
nave begun an extensive program to reestablish westslope cutthreoar trout.
Where westslope cutthroet trout bhave been replaced by brook frout or are
seriously introgressed (hybridized; with other cutthroat or rainbow trout,
biclogists are removing fish and restocking with pure-strain westslope
cutthroat trout.

Westslope cutthroat trout have declined drametically from historic
numbers. Presently, they are absent or seriously depressed throughout

much of the historic range (Behnke 1979%9; Fidthin and Liknes1986; Liknes
and Graham 1988). Populations in Idshc seem to have fared slightly better
than those in Montana (Liknes and Graham 1988}. Current status of
westslope cutthroat trout in Idaho is summsrized in the pext section.
Genetirc introgression, habitat loss, and overfishing are considered the
most important causes of population decliine. We discuss each arez in
greatey detall in following parts of this repert.

Current Status

Biglogists believe that westslope cutthroat trout have declined
dramatically throughout the historic range (Behnke and Zarpn 1976; Behnke
1979). DMontans biclogists found populations im 27% of the historic range
{Liknes 1984; Liknes and Graham 1988). Montans populstions are thought
tc he genetically pure in onlv 2.5 of the native range. Populations in
Idaho are thought to have fared better (Bjornn =2nd Liknes 1988). There
has besn nc comprehensive attempt, however, to document the status of
Idahe stocks. Electrophoretic data has been collected on only one wil
population (Hormer =t al. 1987}.

We used the Idahc River's Data Base {Allen et 2l. 1986} as =a
framework for summarizing current knowledge and msnagement of westslope
cutthroat trout in the state. We added seven varisbles specific to
cutthroat and classified each variable for every EPA stream reach within
the historic and introduced westslope cutthroat trout range f(Appendix A).
We reviewed each stream reach with the regional fishery managers and
biclogists that have experience in the specific drainages. We
incorporated actual data wherever possible, but the classificaticons were
subjective in many reaches where little or no dats were available. Any
classifications made on the basis of actual field inventory were noted to
deocument the reliability (noted under range) and extent of existing
informstion. A& summary and discussion of each wariable follows.

Range
We used ocur best judgment of historic range &5 the basis for

describing status of populations in Idaho. The range of westslope
cutthroat trout was cliassifi historic adfluvial, historic

i
£
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fluvigl-resident, introduced, and unknown. Where adfluvial and
fluvial-gresident ovezlap. the range was classified as adfluvial, The
introduced range includes reaches where westslope cutthroat trout have
been stocked but gstablishment has not been documented.

The known historic range totaled about 10,000 miles (Table 1,
Figure 1j}. About 1,400 stream miles within the known range werve
clagsified as unknown. The unkoown aress were principelly in the lower
Salmom and Clearwatsr draimages and tributaries to the lower Snake River
whare wastslope cutthrost trout might have existsd. The range has been
potentially expanded by about 2I of the known range, primarily through
intreductions in the Payetts River system. Adfluvial fish dominated in

112-of the regches, all of which were in Regionm 1.

Abundance

Abundsnce was classified as stromg, dspressed, remmant, absent, or.

snknown. Our criteria for the firset three classifications, respectively,
were: »50% of histeric potential: <50 of historic potential but still a
viable population and common in samples; and present but don’'t occur in
many or most samples. Wherever data were avajlable, we assumed densities
af 1 to 10 fish per 100 m? characteristic of strong populatioms in streams
supporting 2 year and older fish (see Methods of Evaluating Regulations).
We assumed demsities of 10 to 100 fish per 100 m? characteristic of good
fry and juvenile remring sress (ses Characteristics of Habitat). Because
we cannot know the historic potential of many streams and Decause data
were limited and wvariable, the clasgification of abundance .is highly
subjective.

Classification was a particular problem ip some reaches of the Middle
Fork Salmom River. Cutthroat have been protected by catch-and-release
regulations, and habitst is still gecod or even pristine in many areas.
The peopulatiom showed a definite response to special regulatioms, but
densities are still relatively low (0.5 to 1.5 fish per 100 m?). Some
biclogists believed the populaticn is depressed, primarily bhecause of
heavy fishing. Others felt that densities were never high because of
interaction with salmen 2znd steelhead and a wvery unproductive
senvircnment. Whenever a choice between two clagsifications was not
pogssible by consensus of those involved, we arbitrarily used the higher cof
the two; therefore, cur overall rssults could be optimistic.

By our classificavien, 11I of the reaches within the historic range
were strong and 361 were viable (strong or depressed). Westslope
cutthroat trowt were clasgified as remnant or absent in 437 of the
historic range and sbhundance wsas unknown in 20Z. Less than 3% of the
adfluvial reaches were classified as stromg. Actual data were available

for classification ©f 237 of all reaches (Table 1}. Stromg populations
were found primarily in the Clearwater, S5t. Jce, and Middle Fork Salmon
River drainages ({Figure 1}. The distribution of strong reaches was

closely asscociated with the distribution of roadless and wilderness areas

(Figure 1}. Cver 501 of the strong areas were found in the Clearwater
River drainage and Regiom Z.
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Summary of River's Data Base varisbles {stream miles classified;
for westslope cutthroat trout in Ideho by total (statewide) ranges
and by Idahc Fish and Game Mznagement Region. Classifications

are described in the text.

RANGE
Historic Introduced
Adfluvial Fluvial adfluvial Fluvial Unkacwn Relishble
Statewide 1,071 8,837 151 ¥ 1,629 2,606
Region 1 1,058 1,578 4 779
Region 2 il 3,242 & 22 1,293 1,061
Ragion 3 0 1,128 145 & 120 507
‘Region & 8 2,642 220
ABUNDANCE
Strong Depressed Regmant Abgent Unknown
Statewide 1,129 2,388 2,708 1,774 3,520
Region 1 300 1,362 349 57 351
Region 2 598 ‘523 653 1.398 1,403
Regiom 3 133 202 400 82 578
Region & 59 302 1.030 144 1,168
ABUNDANCE FACTORS
Habitse Overfishing Competitiom Genetic All Unknown
Statewide 5,908 3,185 806 1,039 187 908
Region 1 1.8686 1,271 BGE 131 igy 1i9
Region 2 1,278 280 L66
Region 3 582 606 137
Region © 2,017 (941 224 168
GERETIC INTEGRITY
Documented Sugpected Unknown
Pure Intrpgression Pure Introgression
Sratewide 52 7 1.331 £,245 4,273
Region 1 52 7 Ti4 891 17
Region 2 273 1.338 2,023
Region 3 285 323 504
Region 6 iz 1,462 1,188
TABLELW 12



Table 1. Continued.

REGULATIONS
Catch-and- Length
Length release Bag seneral Closed § bag
Statewide L& 850 1.459 7,897 191 i.ia7
Region 1 3a7 62 agv 191 1.187
Region 2 230 278 3,381
Region 3 193 283 235
Region & 101 3195 2,108
Early
Delaved closure Early
closure & bag ciosure
Statewide 673 15 s
Region 1
Region 2 666
Region 3
Region 6 38
MANAGEMENT OPTIGHES
Hatchery Habitat Speciss
augmentation enhancement removal
Statewide 29 8535 13
Regiom 1 17 15% 13
Region 2 274
Regionm 3 iz 518
Region §
POTENTIAL
Passive Active Poor with
management MANELEement Both any Maniagement Unknown
Statewide 1,354 i7a 1,748 3,203 3a7
Region 1 198 z7 911 1,021 202
Regionm 2 786 36 261 1,340 212
Region 3 154 33 583 54 151
Regionm 8
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isteoric and current range of westslops cutthroart trout
in Idaho. "A" represents the historic rangs. *B”
represents the current range of "strong” populaticons. "o
reprasent gtrong poepulaticns and the logation of
"wilderness® areas. "D represents the range of “viable"
{strong or depressed) and suspected genetically pure
nopulations.
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shundance Fzobkors

Causes for zbundance less thzn strong were classified as habitat
icss, overfishing, competition with or predation by introduced fish,
genetic introgression, and unkaown. In many cases, we could not identify
a single cause and comsidered several or all of the factors to be egually
important. Our classifications, therefors, represent the reaches whers
each factor was included as the, or ome of the, primary causes for
decline.

Habitat lose was the most important factor listed in 87 of tha
reaches (Table 1}. Fishing wes considsred a2 primary factor in 47I of
the declines. . Competition and gepetic intragressicon were considered
less important in population declines (12I and 15Z). Many biologists,
however, f2lt we really knew ftooc little about these processes to
accurately classify their roles in population declines. In Montana where
far more genetic inventery has been done, ‘introgression with other
introduced trout wes Ildentified as the primary threat to westslope.
cutthroat trout populations. Introgression clearly eliminates pure
populations and can influence performance or survival of the hybridized
stock (Allendorf and Leary 1988). 4As with any of the factors other than
fishing, however, clear data showing the significance of introgression in
population declines is not available.

Genetic Integrity

We classified stream reaches within the historic range as documented
pure {hbased on electrcphoretic amalysig), suspected pure, dJdocumented
introgressed, and suspected introgreszed. We classified populations as
suspected pure if they were considered viable {stromg or depressed} and
the immediate drainage had not had a history of extensive stocking of
other trout {(catchable rainbow trout inm the main resch or rainbow trout
and cther cutthroast in hesdwater lakes:.

Lesg than 1I of the range contained documented pure stocks. However,
only one population (upper Priest Lake) has been sampled {Hormer et al.
1987). About 13%I of the historic range was classified as suspected pure.
We found less than half of the strong populations c¢lassified as suspected
pure. As a result. only 4I of the historic range was considered strong
both geneticalily and numerically (Filgure 1).

We may have =zven fewer genetically pure populations. In Montana,
an electrophoretic survey showed that more than 407 of populations
subjectively c¢lassified as pure were actually hybridized (Jge Huston,
Montana Department of Fish, Wildlife, and Parks. personal communicaztion:.



Current Regulations

We summarized current management on the basis of 1288 fishing
regulations. Seven different types of regulations in addition zo
general regulations were used on waters menaged for westslope cutthroat
trout {Table 1}. About 357 of the historic range was under scme type of
special regulation. 4 minimum length res:triction in combination with
a reducsd bag was the most common type, covering 10Z of the range. About
72 of the range ie under catch-and-relesse fishing, and 2I is closed.
Over 781 of the strong range is under special regulavion, 467 as
catch-and-relieasa.

Other Management

We also summarized current management on the basis of other active
programs. We included any habitat enhancement, hatchery supplementation,
or species removal pregrams that took place within the last five years
or are planned within the next five years and are expected to benefit
self-susteining westslope cutthreatr trout populations (i.e., we did not
include mountain lakes). Supplementation was present in €.37 of the
range, with active programs on Priest, Hayden. and Payette lakess sand
Deadwood Reservoir. Habitat enhancement was present on 10% of the range,
most of that associated with work in the South Fork S5almon River in Region
3. Species removal, had been used in less than 0.1 of the range and was
zssociated with brook trout removal and cutthroat £ry stocking experiments
in the Priest Lake drzinage.

Potential to Resiore -

We tried to get some sense of the cutlook for westslope cutthroat
trout by classifying the potential to restore pepulations to historic
levels. This classification was entirely subjective, based sclely on the
Regional Fishery Manager's perspective. We classified the poctential as
passive, possible only with special regulations alone; active, possible

‘with extensive habitat recovery, barrier removal, species removal and
reintroduction or hatchery supplementation; both, reguirimg both
regulations and an “active” program:; or poor, not possible with any

effore. We classified 20% of the neot-strong range under passive.
Forty=-six percent of the range was considered to have & poor potential to
restore historic cutthroat abundance. The waters under the poor category

generzlly are those where cutthroat are seen a2s of liztle importance and
have essentially been excluded from management considerations.
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SumIngs v

Westslope cutthroat trout is the dominant mative trout throughout
north-central Idaho. Historically, they were present in most streams-
north of, and including, the Szlmom River drainage. They preceded the
advent of rainbow tyout (steelhbead} and chincck salmon but probably
evelved with bull trout.

Barly (in geologic time) isoclation and evolution with predators and
potential competitors resulted in & distinmct divergence from other
cutthroat. Genetic and behavicral dilfferences are large enough to
consider and manage westslope cutthrost trout as a separate species. Most
of "Ehe  genetit wariatriom imthe -subspeciss occurs--among. rather than
within., populations. Maintenmance of genetic diversity will reguire the
maintenance of many distinct populations.

Westslope cutthroat trout provide unique fisheries values that may
not be available with other stecks or programs. They appear to be
particularly well adapted to the relatively cold and sterile environment
of the native range. Introductioms of other cutthroat have failed to
become astablished. Uther trout may not utilize the available habitat
or 40 sc less efficiently. Westslope cutthroat trout are particularly
vilnerable tc fishing. Low densities can support good catch rates, and
large fish can bs readily available even to novice anglers. Many anglers
alse find an important intrinsic value in native £ish. The Stare of
Montana belisves that westslope cutthroat trout offer much higher
fisheries walues than any introduced fishes in much of the native
cutthroat range. Bilcologists there have undertaken an extensive program of
stream reclamation and reintroducticon of pure westslope cutthroat trout
where populatioms have been lost or severely introgressed.

Westslope cutthroat trout have declined throughout the native range
in Idaho and Montana. In Montana, westslope cutthroat zrout still exist
in 27%Z of the historic range. Genetically pure populatioms persist in
2.5 of that range. Genetic and population inventories are very limited
in Idshe. From our best judgment, stromg popelatioms persist inm 117 of
the historic range. Strong and genetically pure populaticms probably
exist in less than 42. We believe we still have wviable populations in 367
of historic westslope cutthroat trout habitat, but nearly 507 of the range
is thought to cffer little potentiszl for menagement. Habitae loss,
hybridization with introduced trout, and overfishing are considered the
most important causes for decline. Those influences are reflected in the

association of most strong populations within wildermess and roadless
areas.
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HARITAT

Characteristics of BEabitat

The preferred or opiimum habltats for westslope cutthroat trout have
not been well described (Shepard et al. 1584; Shepard et sl. 1984
Grifficth 1%88). The limiting factors azsccisted with habitat cammot be
readily defined (Brad Shepard, Montanma Department of Fish, Wildlife, and
Parks, personal communication) as they might be for other species [see,
for example, Reeves et al., in preparation). Some cheracteristics of
westslope cutthrost— trout-habitet use have been described, however. Most

information was derived by relating demsities, or the distribution of 2
population, to habitat characteristics and by messuring the habitat
sesociated with poeitions of individuasl fish.

in general, distribution of westslope cutthroat trout tends toward
higher elevations and lower order streams {(Flates 1974, 1%7%; Fraley and
Graham 1982)., Many biclogists describe the distribution as headwater to
mid-drainage, although some populations obviously make seazcnal use of
entire drainages (i.e., the Middle Fork Salmon and Coeur d'Aleme rivers).
Platts (1974) reports that westslope cutthroat trout were limited to two
geomorphic land typee {(fluvial and depositionel) im the Scuth Fork Sslmon
River and negatively correlated with stresm order.

Westslope cutthroat trout will use all of the majoer habitat
components {i.e., pool, run, riffle, pocket water) ({(Pratt 1984 Irving
1987, Distribution tends towerd lower gradients and lowsr wvelocities,
however. Griffich (1970), Pratt (1984}, and Hanson {1577} report typical
facing velocities of 0.1 toc 0.3 m/sec. for rearing f£ish. There is some
evidence that smaller fish were asssccisted with lower velocities (Hansonm
1977) though differences were not large. Spawning habitats chserved by
Sheperd et al. (1954) had welocities of 0.3 to 0.4 mfsec. snd gravels
ranging from 2 to 75 mm in dismeter.

Several workers found pocls to be g particularily important habitat
for rearing cutthreat {(Radford 1977 Pratt 1984; Irving 1%87; Wilson et
al. 1987}. Ueilizetiom of pools may increase in the presemce of other
fish {(Hamson 1977; Shepard st al. 1984), although segregatiocn seems to be
more selective thanm interactive (Pratt 1984; Griffith 1988).

Cover and complez habitat also are impoertant for westslope cutthroat
trout, particularly juvenile £ish {(Griffich 1970). Pratt (19864) £found
that small cutthrost trout were typically associated with some form of
instream cover, such &s cobble or woody debris, while large f£ish (>100 mm)
might range more fully in the water column. Large fish did use large
instream and pverhanging cover when present (Pratt 1984). Lider (1885
found that the percent cover in pools wes more strongly correlated with
£fish density than any other habitat component. Lider (1%8%5) associated
the highest densities with woody debris, such 2s root wads and logs.

s
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Shepard 2t al. (1984) found the overhead turbulence provided cover and
that social hierarchies were defended only when visually isolacing cover
was present. HMoore and Gregory (1%88b) found that stream marging and
backwaters or "lateral habitats® provide important summer rearing areas
for coastal cutthroat Oncorhynchus clarki clarki. Manipulation of stream
complezity by artificially increasing the amcunt of lateral habitat
resulted in & proportional incresse in cutthroat numbers (Moore and
Gregory 19888). Lere (1%82) found westslope cutthreat trout densities
were correlated to posl riffle perziodicity.

Meny weetslope cutthrost trout meke only ephsmeral use of apecific
habitats. Platis (1574) suggested that cutthroat are nct typically found
in first order streasms. Others believe that wvery small tributaries

may serve as a spawning and inirial rearing habitat-{(Johnson 1863 Lukens.
1978; Shepard et al. 1%84; Apperson et al. 1%88). Many of these streama
mey dry or flow subsurface in summer, forcing young fish to migrate early
in the first year {Lukens 1978; Apperson et al. 1%88). Use of very small
tributaries for spawning and rearing mey be an important adaptation that
provides protection from very high flows and bedload movement {(Johnson
1963: Liknes and Graham 1988 that is commom in larger, high-elevation
streams. Because spawning streams are small, and many are ephemeral,
their significance may nct have been recognized in past management (T7.C.
Bjornm, University of Ideho, perscnsl communication). Logging plans
typically have not provided buffers or protection of very small streams.

In many systems, westslope cutthrost trout move extenmsively using
different resches and habilitats between spawning, summer rearing. and
overwintar. HBigh quality pools and gravel substrate seem to be
particularly important in winter habitat use. Lewynsky (1986), Wilson et
al. (1987), Peters (1988), and others have found large aggregations of
adult and subadult cutthroat in pools during winter. Demsities of
wintering cutthroat have been strongly and positively associated with pool
quality {defined by width, depth., and cover) (Peters 1988). Peters {1988}
found fish most often in low or negative velocities. Pools with escape
cover of with another pool immediately adjacent seem to support more £ish
than isclated poocls.

Gravel substrates may be especially important for overwinecering of
juvenile gutthroat. Small £ish typically move into the substrate as
remperatures drop (Bjcrmm et sl. 1977; Wilsom et al. 1987). Paorous
substrate (not embedded with fines) of a size allowing fish to move in and
cut is important. Recent observations indicate that young cutthroat use
the substrate as cover during the day and move cur at night (Wilsem et al.

1987; Petsrs 1%88; T.C. Bjormm, University of Idaho, personal
communication).

The availability of winter habitat probsbly has a strong influence on
seasonal movements of westslope cutthroat trout. Extensive migrations may
regsult where high gualicty pools are found downstream of spawning and
rearing habitar {(Bjormn and Liknes 1986; Liknes and Graham 1988; Peters

1288}. Pesters (1988) observed that cutthroat reside the entire vear in

some stream reaches where both summer habitat and high guality pools are

found togethsr. Juvenile cutthroa: may emigrate from systems with
6
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unsuiteble substrate when temperature drops (T.C. Biornn, University of
Idsho, persomal communication). The juvenile carrying capscity of a
particular poel may be strongly relsted to the degree of gravel
embeddedness (Chapman and Bjornm 1969: Klamt 1%7%; Biornn et &l. 1877:
Irving et al. 1883). The striking movements and apparent dependence
on winter habitst sugges:i high guality pocls end appropriste substrate
could be 2 winter "hottleneck® for mamy populatiocns in Idsho streems (7.C.
Biornn, University of Idehc, persomal communication; Elamt 1%78&).

Because westslome cutthrost trout often meke eztensive movements and
wae different habitats during the yeer, & °limlting® habitat is hard to
identify (see Irving et al. 1983; Peters 1%88). Iz meny ceses, we do not

know when, or for how lopg, a particular Babirstr or stream -reach-is-used-

or its relative importance tc other habitsts and life stages (Peters
1988). Attempts to describe distribution and use contain inherent
variability and may be confounded by changes in behavior with changes in
flow or other habitat characteristics.

Detailed studies on hebitst capacities or manipulative experiments
could provide useful informestion in some streams where movements sre
limited. A Flimiting factcr” smalysis similsr toc that developed for coho
salmon Oncorhynchus kisutch (Reeves et &l., in preparstion) has been
proposed with the hopes that results could be used to predict effects of
land use management on cutthroat populations (Brad Shepard., Montsna
Department of Fish, Wildlife, end Parks, personal communication}. Such
studies maey not be practical. however, with populstions showing extensive
novements {(see Peters 1%988).

We do have informaticn on the fish densities some habitats can
support. Irving {1987) summarized several studies amd concluded thar
*good"™ rearing habitat may support up te 200 fry/lico m%*. Densities may
epproach 20 £ish/100 m? for age 1 and 2 fish. Fraley snd Graham (1982)
found that cover, stream order, and substrate size could be used to
predict trout densities within 2 single river drainags. Observed
densities are highly variable, however, and it is not clear whether
differences are due to subtle differences in habitats, to the presence of

"other £ish, to the seeding of those habitais by the exzisting populations,
or to sesscnal movements. Seeding experiments may help better define
habitat capacities (B. Shepard, Montans Department of Fish, Wildlife, and
Farks, perscnal communication). Gross approzimatione of potential
dreinage production are possible with existing methods (Freley and Graham
1982: Irvimg 1987), but estimstes probably canmot obtain precision much
better than an order of megnitude., Identification of limiting conditions
will be speculetive ubless large differences in habitat available for
different life stages exist. Results could be used, however, to identify
streams with the highest potentiazls and to direct development te less
pensitive areas (Freley snd Grazham 1982).
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Degradation of Habitst

Land use practices and other cultural development have undoubtedly
degraded habitat snd negatively affected westslope cutthroat trout
populstionsg. Riclogist in HMontana (Liknes and Grshasm 1988} and Idaho
{status section of this report) belleve habitatr degrsdacion iz one of the
moest important csuses of declime throughout the range.

Habitat changes influence westslope cutthroet trout populations
in several ways. Fine sediments (defined varlously a3 substrate
materials anywhere from less than 1 mm to less than 10 mm) have been
~negatively correlated with--embryo.-survival (Bjornn. et al. 1977a; Izving
and Bjornn 1984; Chapman and Mcleod 1987). Fine sediments may physically
eliminate important pool habitat (Klamt 1976; Bjornn et al. 1977a}. Fines
also fill intergravel spaces (embedded substrate), elimimating cover for

voung fish and altering the compositicn and production of benthos that

serves as forage. Both winter and summer carrying capacity of pools have
been related to the amcunt of fines (Klamt 1978; Bjormn et al. 1877a;
Irving =2t al. 19%83). Thurow (1987} found that total densities of all

salmonids (including cutthroat) was inversely related to gravel
embeddedness in streams of the Scuth Fork Salmon River drainage. The
amount of fine sediment in stream substrate hes been strongly correlated
with road construction and logging activities (Edwards and Burns 1986; Bob
Hainville, Deschutes MNational Forest, personal communication) in the
westslope cutthroat trout range. The movement of fines into & stream may
often be aggravated by poor road construction activities and mass wasting
following disturbance in unstable land types (Gamblin 19883, Mining
activities alsc are thought to have introduced large amounts of fine
sediment to scme streams {Thurow 1987).

Westslope cutthroat trout habitat has been eliminated or isclated by
construction of barriers and migration blocks. Highway construction in
the Coeur d’Alene River drainage produced Iimpassable culverts (Ned Horner,
Ideho Fish and Game, personal communication). Improperly placed or sized
culverts are a4 ComMAON [passage problem with many forest roads throughout
the range. HMigration blocks primarily influence fluvizl and adfluvial
stocks. Although habitat above 3 barrier may continue to produce resident
cutthroat, all of the habitat can be eliminated for production of £fish
moving to and from larger strezams and lakes.

Dams have slsc influenced cutthreoat habitat. Cabinet Gorge Dam on
the Clark Fork River eliminated access to over 90I cf the historic
spawning and rearing hsbitat once availasble to adfluvial £ish in Pend
Oreille Lake. Dams have also eliminated habitat by ipundating importanc
seream ceaches. Jim Yashro {(Montzrae Depertment of Fish, Wildlife, and
Parks, personal comnunication) estimated that dams eliminated 50 of the
cutthroat habitat once available to fish from Flathead Lake. Similar
logzes may have cccurred with Dworshak Dam on the Morth Fork Clearwater
River in Idaho.
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Babitat complexity and cover, and uitimately the rearing or winter
carrving capacity of streams, can be altered by land use practices. Woody
debris is an important component of cover and pool development in
westslope cutthroat trowt streams (Pratt 1%B4as; Lider 1985: Gamblin
1928y, Hemoval of riparian timber has eliminsted recruitment of woody
debris. 4s old debris rots, is lost, and not replaced, pools and cover
gare Lost. Woody debrisz alsc appesrs to play an impertant role in stream
gtability and storasge of bedlcad (Gamblin 1588; Bob BRaimville, Deschutes
H¥ationsel Forest, personal compunication). Loss of debris results in
excessive bedlocad movement in & dralnage, a loss of stream stability,
gubstrate diversity, &nd the complexzity whick providez habizetr (Gemblin

13883, Bedload movement may be aggravated by clear cutting in small
drainages where large volumes of sedimént are “stored™ {(Bob-Rainville,
Deschutes National Forest, perscnal communication). Gamblin (1988

believed zhet high transport of large bedlosad material (gravel asnd small
cobble) in tributaries of the Horth Fork Coeur d°Aleme River resulted in
extensive loss of rearing habitatr for cutthroat. In some cases, high
bedload tranmsport haes resulted in aggrading streem channels in the lower
gradient reaches of some northern Idahos streams (Ned Horner, Idasho Fish
and Game, personal communication}. Bedload deposition hes sggravated
gtream stability problems, resulting in chanpelization and streambank
srmering by riparian landowners. Bedload deposition has alsco produced
porous and elevated channels resulting in subsurface flow and dewatered
habitat, either eliminating habitat entirely or blocking £fish movements
{Ned Horner, Idaho Fish and Game, personal communication}.

S¢ream chaanelizetion has slso besn associmted with roed comstruction
and mining (Thurow 1987). Channelization hags been common with Forest
ececess roads buillt in stream corridors. Channelization eliminsztes
complexity and stability but also results in shorter chanmel length and
incremsed velocities. Irizarry (1969} and Thurow {1988) demonstrated thar
channelization cen result in & several-fold reduction im trout numbers.

Alteration of habitat may aslsc influence westslope cutthrost trout
populations in subtle ways. Chepman and May (198&) suggested that flow
and temperature regulation in the Kootenai River following construction of
‘Libby Dam crested conditions more suitable for rainbow trout, allowing
them to replsce westslope cutthroat trout. Brad Shepard (Montana
Department of Fish, Wildlife, and Parks, persomal communicacion) found
thet ciear cutting ome of two paired stresms was followed by & shift from
cutthroat to brook trout dominance. He gsuggested that the chenges in
grream habitst relsted to logging favored broock trout.

Habitat degradation hes undoubtedly plaved an important reole in th
decline of westslope cutthroat trout populstionms. The distribution o©
remaining strong populatiens almost entirely within wilderness and
roadless sreas of Tdahc (Figure 1) and wildermess and Wetional Parks of
Montane {(Liknes 1984) suggests that any develcopment may be important in
population declines. Unforiunately, most of the evidence for habitat
influences on population decline iz indirsct and ofcen confounded by
problems of overfishing. Platts {1974} did find that cutihrost denmsities
were much higher in unlogged stream resches, and Thurow (19877 found

1]
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denzities of all trout declined with substrate embeddedness. Both of
these studies were uncemtroiled, howsver, and results might be confounded
by differences or covariation in other habltat wvarizbles or fish
distribution (Platts 1274; Chapman and Mcleod 1987).

Models have been used to predict both existing habitat potential and
the effects cof land use management (Freley and Graham 1982: Irving et al.
1983; Stowell et =2l. 1983). Relstionshipe between sediment composition
and embryo surzvivel {Izving snd Bjormm 19%83) or sediment and juvenile
carrying capscity (Bjoram et s2l. 1977a) have been used toc predict
population responses to incressed fime sediment loading. Sediment
composition has either been sampled directly in the field ¢r predicted
using hydreologic and sediment transport models (Izving et al. 1583

Stowell et 21, 15237

The medeling approach has been used extensively in land use planning.
but has major limications. The relationships between sediment and embryc
survival were developed in sartificial channels and mey not accurately
refiect respomses in 2 natural stream {Chapman and MclLeod 1987:; Chapman
1988). Estimates of sediment composition can vary dramaticaily depending
on method (Everest et al. 1982: Pratt 1985; Gamblin 1988), perzonnel
{Pratt 1583), and experience. Some methods may not zccurstely represent
substrate conditions of the incubatiom site (Chapman 1988). Cutthroat
populations are also dynamic biological systems. The changes estimated by
the models might sctually occur but could be unimportamt in regulation of
the population {see Chapman and Mcleod 1987). Changes in rearing
czpacities, for example, would have no influence on populations that are
not fully seeding the available habitat. At the same time, changes in
embryo survival might not be apparent in populations thet were more than
fully seeding available rearing habitvat. Gamblin (1988} found no
relationship between intergravel fines and cutthrcoat density in Coeur
d'aAlene HRiver tributaries. He felt that limited rearing habitat in those
streams was far more important in controlling population size than the
influence of fine sediments om embryo survival.

Biclogists may have overemphasized problems relasted te fine
sediment. Emphasis of fine sediment models to streams in all land types
is probably inappropriate. The emphasis reflects research conducted in
streams on the Idaho Batholith, wvhere fragile granmitic soils result in
high t¢ransport and loading of fines. Belt rather than granitic geoclogy
typifies memy cutthroat streams acrth of the Clearwaster drainage. In
these systems, bedlcad sediments tend to be larger gravels and small
cobbles rather than sand. Heavy bedleoad movement and a loss of stream
stabliicy and complexity may more strongly influence rearing and holding
capacities than embryo survival (Gamblin 1988: Ned Horner, Idahe Fish and
Game, personal communicaticon). The field or laboratory data necessarcy to
predict haebitat loss sssociated with forest practices on these types of
streams have not been collected.
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Bebitat Manipulstion

-Habitat use by westslope cutthrost trout suggests construction or
improvement of pools could improve rearing and overwintering capacities.
Pratt (1984a) emphasized that rearing pools should be less than 200 m? or
100 ®»° in size. Peters (1988) suggested that “linked” pools, or pools
gssociated with escsape cover, were the hest winter haebitast. Peters (1588)
glec provided 2 ramking system to defime pool guality.

Attempts to physicelly improve pocl and cover habitat for westslope
cutthtost trout heve -been widespread. Much of the work has been conducted
&8s part of routine mitigation or management activities by U.S., Forest
Service districts, however, snd has been poorly evaluated or documented.
*Drop logs® and "E-dems” have been used to create pocls in many streams
tributary to the Coeur d°Alene River (Ed Lider, Panhandle MNatiomal Forest,
personel communicsation). Boulder clusters have been placed on largsr
streams throughout the forest. Large woody debris has been sdded by
felling and anchoring trees and roct wads. Some date show that fish will
use structures, and local densities may be strongly correlated with new
habitatr (Lider 1%85: Bob Rainville, Deschutes HNational Forest, personal
comnunication). Creation of more complex stream margins also resulted in
2 proportional increase in rearing densities of cosstal cutthroat (Moore
and Gregory 1988a).

Biologiste have not clearly shown that structural improvements
provide cost effective or significent benefits for population management.
Although westslope cutthrost trout will clearly use new habitat, such
correlations may only be a result of displacement from previously existing
areas. The sddition of pools as cover should provide some benefits in
streams lacking these compoments: however, we did not find eny case where
8 population level response was demonstrated. It is possible to predict
stream pectential based on habitet inventory (Irvimg 1%87) and also to
predict net increases in potential from structural improvement. Although
scme forest management plans incorporate this type of approach on a gross

~scale (Bob Rainville, Deschutes National Forest, persconal cowmmunication;,
we did neot find any snalysis showing the thecoretical costs and benefits
for habitat improvements. for an individusl westslope curthrozt trout
stream oy population.

Larger scale hsebltat menagement programs have also been considered.
Recad management plens and treatment of major sediment scurces are
typically peart of the foresst menagement process. Gravel mining has been
congidersd in avems with extreme bedload movement. Any programs that

gignificsntly reduce sediment losding to en entire drainsge could be
expected to produce subestantisl habitet improvements over & number of
years. Timber hervest manasgement has slso been proposed 25 az means of
improving stream cover and complexity. Harvest of riperian arezs on

an extended (200 vear) rotation could mazimize the proportion of & stand
in middle amnd older sge classes, thereby increasing recrultment of trees
to the stresm (Bob Rasinville, Deschutes MNational Fores:t, perscnal
communication) .
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Summe ry

Habitat degradation has undoubtedly had en important negative
influence on Idaho’'s westslope cutthrost trout populations. The most
important: losses are associasted with forest menagement. Increases in fine
sediment in streams czn reduce embryc survival and wintering capacivy for
juveniles. feduced embryo survival will reduce the resilience of any
population, resulting In either an immedizte decline or & less productive
population more vaulnerable to other losses. Fine sediments &re probably
impottant im a2ll streams but sre & particulsr preblem for streams on
granitic soils. Incresses im larger (gravel and small cobble) sedimentc

leading result in reduced strdam stabilicy and complexity and lost-rearing
OF overwinter capacity. Loading of larger sadiment appears to be a
particular problem im belt geclogy streams north of the Clearwater River.

Although habitat loss is obviously important., the relative
gignificance in population declines has not been clearly guantified. Ve
do not understand, or have not been able to describe, the bottlenecks in
habitat for meost populations. Freviocuz attempts have relied on models of
fine sediment and embryvo survival. The approcach msy be inappropriate
where rearing capacity is more stroagly influencsd by development than is
spawning habitat. Mcdels are alsc based con laboratory experiments that
may nct accurately represent natural conditioms. Many biclogists believe
hetter quantification of the develcpment-habitat-population relatiomships
will be necessary to effectively influence land management practices.

Large scale correlative approaches, or paired draimage approaches,
might be used to demonstrate the effects of forest management. To
generate meaningful results, sampling must minimize confounding by other
variables (see Chapman and Mcleod 1987). Sampling must be stratified by
geclogy, geomorphic processg, and seeding. . Sampling must alsc be detailed
enough te accounat for inherent varlation in the populations {(see Platrs
and Nelsom 19883}. To our knowledge, s comprehensive approach of this
nature has not been attempred.

Cptimum habitat for westslope cutthrogt trout has not been clearly
definad. Populations tend toc heve & higher elevaticn hesdwater
distribution but may use entire drainages. Extensive movements are
probably tied to the aveilability and relstilve distribution of spawning
and rearing and overwinter habitats. %e mey find it possible to describe
critical or "limitimg® habitsts for esch life stage of a population, but
it iz probably Dore rveslistic to protect all components. For populations
that move long distemces., habitat protection will require a system or
drainagewide aprproach. The importance of maintaining whole systems is
emphaesized by the fact that most of the remsining strong populaticns in
Idaho are contsined within undeveloped (roadless and wilderness) aress.
Maintenance ¢f pristine habitat in entire drainage systems is obviously
impossible in much of the westslope cutthrost trout range. HReslistically,
protection must be focused in smaller asrezs. Subdrainages which provide
ail habitat requirements, evidenced by nonmigratory stocks, could be
smphasized. Generic protection of kaownm "cricical” habizat shouwld a2lsc be
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a pricrity. Smell {(first or second order) tributaries represent cr
spavning and early vrearing habitat for meny populations.
tributaries alsc “store” murch of the sediment in 2 drainsge. PFProtection
of small streams has often been ignored becsuse they were ephemerzl or
considered insignificant in size. Pools and cover ere alsc imporiant
components of rearimg and overwinter habirat for cutthrpat.

[

itica

Small

Habitat Ilmprovement projects have f£ocused on giructures cresting
pocls and cover. Artificiel structures are used by £ish, but it is not
clear that use of structures has or can incresse the carrying capacity of
g2 stream. The relative cost and benefit of bhabite:t improvements need o

and through population responses. Large scale mansgement programs ~that
maximize recruitment of woody debris, minimize sediment loading, snd
maintain stream stsbility and complexity through mejer portions of a
drainage should be more effective than mitigetion with structures.
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INTERACTION WITH OTHER FISHES

Westslope cutthroat trout populations can be influenced by many othsr
f£ish through competition, predation, and hybridizaticnm. Westglope
cutthroat trout coexist (within s given drainage) maturally with several
galmonids: chinock salmon, rainbow trout (steslbead), mountain whitefish
Proscpium williamsoni, and bull zrouz. Historically. westslope cutthroat
may have been in streams with arctic grayling Thymallus srcticus east of
the Continental Divide (Simpscon and Wallace 1882). Chinock salmon and
rainbow trout were mative only to the Clesarwater and Salmon River basins
(Behnke and Zarn 1%76). Other native fish in the cutthroat range included
several species of sculpin, cyprinids, and catdstomids {Simp¥on and
HWallace 1978}. Rainbow trout and brook trout have been introduced
extensively. Kokanee salmon, laske trout Salvelipnus namaycush, and brown
trout Salmc trutta have also been introduced, the first twe to many of the
lakes throughout the range. Eokanee may heve coexisted naturally with
westslope cutthroat trout in lakes at the headwaters of the Salmon River
{Stanley Bagin), but we found no confirming records. VYellow perch Perca
flavescens may have ogcurred with westslope cutthicat trout but only east
cf the Continemtal Divide. Yellow perch and cther centrarchids have been
widely introduced to lakes throughout the range in Idaho.

Some work has been dome on the interactions between westsiope
cutthroat trout and rainbow trpout, bull trzout, brook trout, kokanee,
Yellowstone cutthroat trout Oncorhynchug clarkl boyveri, and lake trout.
Very little is known asbout interaction with other fishes.

Competition

Evidence for competition between westslope cutthroat trout and cother
trout is mixed. Griffith (1988) suggested that westslope cutthroat trout
were more specialized tham other cutthroat, a result of westslope
cutthrost trout evolution with & number of other fishes. Liknes (1984}
suggested that in pristine habitat, westslope cutthroat trout should have
an advantage over other trout. The implication was that habitat change
could result in advantages tc cther £fish. Other authors suggest that
westslope cutthroat trout may not compete effectively with other trout.
Plerts (19746} found westslope cutthroat trout in streams of only two
geomorphic types, while other sslmonids were found in more. Platts fel:
cutthroat were at & competitive disadvantage and were abundant only where
other species wsre not. Griffith (1988 observed that othey trout were
typically larger asnd more aggressive amnd should hold a competitive
advantage. Bisgson et ®i. (1982} found that coastal cutthroat lacked
morphological adaptaticms for high or low water velocicties found in
steelhezd trout and coho salmon. The authors felt that such differences
expleined the domination of c¢oastal cutthreats by the other species.
Morphological sdaptations have not been compared bhetween westslooe
cutthroset trou: and coastal cutthrozt troue.
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Within the westslope cutthroat trout rapge, westslope cutthroat trout
seem to have 2 competitive sdvantege over introduced Yellowstone cutthroat
trout. In Glacier HNational Park sfter widespread stocking., Yellowstone
cutthroet trout did not persist in most lakes, while westslope cutthroa:
trout did (Mernell et al. 1987). Similar results followed hesvy stocking
of Yellowstone cutthroat trout in Priest Lake (Beach 1971). PBehnke and
Zazn {1976) suggested the two subspecies might complement each other
because of spparent differences in food hebits and distribution. Mammell
et &l. {(1987), howsver, suggest that Yellowstone cutthroat trout do not
persist beacause they azre more wvulnerable to predsiors and paresites that
co=-evolved with westslope cutthroat trout. Although competition could be
important; Yellowstone cutthroat trout may &lso have failed in much of the
westslope cutthrost trout range simply because they were poorly adapted to
other parts of the environment.

Westslope cutthroat trout coexist with rainbow trout throughout the
westslope range. In the Sslmon and Clearwster dreinages where rainbow
trout exist naturally, the two species exhibit strong segregation. Hanson
{18773 did not find any case where the two used the same macrohabitats.
In streams where both species did ccour, cutthrpoat were restricted to
headwater areas while rainbow trout used lower resches. Hanson (1977
believed that Iinteractive sasegregetion igolsted the two species and
demonstraeted that rainbow trout can exclude cutthroat in experimental
streams.

Cthers believe selective segregation is more important (Griffich
1%883. In the North Fork Clearwater River drainsge, westslope cutthroat
trout did nct replace steelhssd when the letter declined £fcllowing
construction of Dworshak Dam (Moffit:t and Bjiormm 1884). Gocdnight and
Mauser (1580) report en increase in the proportion of cutthroat to rainbow
trout following elimination of steelhesd in the Little HNorth Fork
Clearwater River, but did not note an overall incresse in cutthrosat
numbers. The lack of incresse in cutthroat with a decline in native
rainbow trout supports the hypothesis of selective segregation and limited
competition {(Griffith 1988). It may be, however, that cutthroat did not
respond because of some other constraint. Cutthroat are more wulnerable
to fishing than rsinbow trout and could be at &8 competitive disadvantage
as exploitation increases (Griffith 1988;.

Cutthroet trout slso show segregation from intreduced rainbow trout,
although overlap in habitat use may be more common. FPratt {1585) found
cutthroat primerily inm the headwaters of tributeries to Pend Creille Lake,
while juvenile ralmbow trout were more common in lower reaches. In manvy
streamg, however, zhe found both fish using the same macrohabitats and
hybridization wes common. In the Coeur d’4lene River, cutthrost are found
concentrated inm upper vemches and raimbow trout im the lower river but
some overlap occurs {Bowler 1974). Apperson et al. {1%B88) found cutthroax
domineted raimnbov trout in meny tributaries of the lower Coeur d'alens
River but ocbserved higher rainbow:cutthroat ratics in streams with higher
riffle:pocl ratics snd gradients in excess of 3I. Rainbowv trout typieally
geem to select higher velocity microhabitzts than cucthrost.
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Hatchery-produced rainbow trout {"catchables”) have been heavily
stocked in many westslope cutthroat frout str=ams. Thurow and Bioran
{1%78) report that westslope cutthroat trout numbers in one strsam
increased when hatchery stocking was eliminsted and declined again when

stocking resumed. Petrosky (1984 and Petrosky and Bilornn (1988),
however, found that hatchery rzinbow trout had little or no influence
on westslope cutthroat trout in the St. Joe Hiver. Even when heavily

stocked, most rasinbow trout segregated spatially from cutthroat and rarely
fed. Petrosky (1984) concluded that catchable razinbow trout stocklng
kad little influesnce on cutthroaet because overlap in hsbitat use was
incomplete and because the numbers of wild cutthreast found inm the main
river were not density dependent. Juvenile cutthroat that do experience

significant density-dependent regulation snd could De more vulmerableto
displacement by hatchery trout typically rear in smell tributaries where
hatchery stocking is uncommon.

Hatchery trout could result iam higher exploitation of westslope
cutthroat trout if stocking resulted in higher fishing pressure (Petrosky
1984y, Although hatchery programs may not directly displace ar limit
wild cutthroat, catchable stocking could aggravate problems of
overexploitacion.

Westslope cutthreat trout and bull trout co-evolved throughout the
range. The twe occupy similar macrchabitats and seem to coexist most
successfully (highest demsities for both) in streams with complex cover
{Pratt 1984). Pratt (1984) found evidence of strong selesctive segregation
in microhabitat use. She described bull trout typically in close
association with the bottom, while cutthroat made more use of the water
column. Microhabitat cheracteristics did not change between allopatric
and svympatric cobservations.

Broock trout have been introduced to most of the westslope cutthroat
trout ramge. Brook trout populztions have increased 23 cutthroat declined
in manvy areas and some displacement might occur. Some biclogists believe
the expansicn o©of brook trout represemts only a replacement cof cutthroat
that declined for other reasons. Griffith {(197C, 1988) found strong
selective segrzgation by facing velocity and suggests brook trout have
expanded only to fill fringe habitats where the two overlapped. Cutthroat
are far more vulinerable to exploitation than brook frout (MacPhee 1964;
Griffith 1970) and may be mdre sensitive to habitat alteration (Brad
Shepard, Montana Uepartment Fish. Wildlife, and PFarks, personal
comnunication). The decline of cutthrost with Increased fishing and
increased sedimentation and stream alteration may simply have crezted mors
habitat aveilable for brook trout. Some interaction must cccur between
the species, howevsr. Griffichk (1988 noted mourphcological character
displacement in populstions coexisting for 2 number of vears. Wilson et
al. (1587) noted that broeck trout declined following 3 closure o
cutthroat harvest inm Rattlesnake Creek, HMontana. Lewing (1987), Cowley
{1287}, and Strach (University of Idahe, perscnal communicztion) repors
that stocked cutthroat fry survive much better in streams without braock
trout of stream resches where brook frout were removed.
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¥okanee salmon were introduced to gll of the lakes im morthern Idaho
where westslope curthrost frout were once important. Kokanee incressed
dramatically in Coeur d’Alene, Pend Oreille, and the Priest lakes
concurrent with declines in cutthroat. Again, competition may have been
imporiant. Beth species feed hesvily om small invertebrstes in lskes that
Bre not considered productive., Food habits do seem to diverge, with
kokanee using zooplankton end cutthrost using imsects. Differences could
reflect some Iintersctive segregetion. Cutthrost used zooplaskton hesvily
in Koocanusa Reservelr before koksnee became importamt (McMullin 1979).
Mzuser et al. (1%88b) presented some evidence that growth of cutthroat in
Priest Lake and Coeur d'Aleme Lake was negatively smssocisted with large
_changes in kckanee abundance. Whether differences in growth were resl is
not clear. Although cutthreat declines have been common—with -koksnee, we
note that in some lakes following establishment of kokanee, local stocks
remained strong. Numbers of westslope cutthrost trout in Wolf Lodge
Creek, a tributary %o Cosur d’Alene Lake, remained at high levels despite
declines in most other cutthroat stocks im the lake and very high
densities of kokanee.

Manegement for kokenee and cutthroat may be in comflict. Despite a
"feeling” by many biologists that competition may be & major limitatiem of
adfiuvial stocks, management programs often seek to enhence both
populations in a2 single system. Special regulations and hatchery programs
for cutthroat enhancement have been used in the same systems as hatchery
programs for kokanes. Better informstion on the competitive Interactions
could help clarify conflicting goals. Studies of competition are
difficult and cften ambiguous. However, studies of character displacement
could provide some clues. Cutthroat populations exist with and without
kokanee or with radicelly different densities of kokanee. A study of
feeding morphology among those populstions (see HMagnan 1938) could be
useful and relatively simple.

Predation

Several fishes are thought t¢ prey on westslope cutthrozt Lrout.
Beach (1971) reported all sizes of cutthroat in stomachs of bull trout
from Priest Lake. Mausar {1986b) =lse found cutthroat in lake trout
stomachs from Priest Lake. He reported that 13 of &1l cutthroast sampled
from Priest Lake in 1985 had predetior wounds, presumsebly from lake trout
{Mauser 1%86b). Mauser et al. (1988z) believed that lake trout predation
was the primary reazson for a failure of cutthrost enhancement in Priest
Lake but could not estimate the predation-rezlated mortality. Athearn
{1973) observed szculpin eating cutthroast fry. Horthern squawfish are
commonly believed to be an important predator of westslope cutthroat trout
{(Jeppson amd Platts 1939; Jeppson 1960). Northern sguawfish have been
shown capeble of important predstion on cther saimonids (Foerster and
Ricker 1941; Rieman et al. 1988), Jeppson and Platts (1959} suggestsd
that six vesrs of intensive removal of northern squawfish in Havden Lake
preduced en increase in cutthroast numbers. HMacPhee and Reid (1971) report
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snn incresse in fingerling trout survival in the 3t. Joe Hiver following
squawfish removal with the selective toxin, Squoxin. Others have found
iittle evidence of westslope cutthrecat trout in acrthern sguawfish
stomachs (Bjornn 1957h; Jeppson 1960; Falter 196%; Apperson et al. L1588},
Some asrgue that predstion on salmonids by equawfish i1s unimportant in
oatursl systems (Brown and Movle 1981; Rieman st al. 1388,

Despite & lack of c¢lsar evidence for predstion oz westslope cutthreat
erout, we belisve that predation csn be an important source of mortality,
particularly in sltered or overszploited populatioms. The inmtroduction of
new predators that do not naturslly coexist with a prey cam result in
collapse of the prey population (Larkim 1972). Additional stress on a

normally stable system, & destabilizing force. Population collapse
through depensatory predation mortality, of & population restricted to low
numbers in 2 predatcer trap, can result (FPeterman 1977). Artificial
concentration of prey at hatchery release sites or passage barriers can
increase vulnerability to predation (Rieman et al. 1988). Hatchery fish
that are stressed through release handling or disease or are discriented
in & new enviromment might a&lsc be particularly vulmerable. Lake trout,
Gerrard rainbow trout, chinook salmon, yellow perch, several centrarchids
and ictalurids, and northerna pike Esox lucius have all been introduced in
westslope cutthroat trout lakes. In some cassz, the new predator
populations have flourished. Bull trout and northern squawfish represent
the most important native predators. Bull trout have declined in most
waters, but squawfish stlll seem to be common in lakes and the lower
repches of many rivers. A2 cutthroat have declined in most waters,
predators have become establizhed or persisted. Predation could be
associated with the declipes, but more importantly, might make recovery
extremely difficult or impossible. Predation might explain the poor
performance of hatchery programs.

Genetic Introgression

Westslope cutthroat trout readily hybridize with other cutthroat
gubspecies and rainbow trout {(Behnke and Zarm 1976; Behnke 19%79:; Leary et
al. 1983; Leary et al. 1987: Allendorf and Leary 1988). Westslope
cutthroat trouvt have segregated from native ralnbow trout {(steelhead)
where the two coexist naturally in the Clearwater and Salmon River
drasinages (Behnke and Zarm 1876). In other drainsges, however,
hybridization- is cften asxtensive where introductioms of hatchery-produced
rainbow trour and Yellowstome cutthroat trout have been made {(Allendorf
and Leary 1988). Gemetic introgression ssems most prevalent in drainages
where westslope cutthrost trout have been depressed through other causes
and hatchery introduction of other trout have persisted for some time.
Mountain lake stocking programg seem to be a2 particularly important source
of exotic genetic materizl {(Joe Huston, Montana Department of Fish,
Wildlife, and Parks. personzl communication). Although the hybrid zrouc
are viable and support important f{isheries, introgression resulis in the
progressive loss of gemetic variability in westslope cutthroat trout
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populations (Allendorf and Leary 1988). Lost wvariation may lead 10 poorer
performance (growth, survival, fertility, development) of individusl
stocks and greater susceptibility to epizootics, environmental changs, or
catastrophic events (Allendorf and Leary 1983;. Uitimately., genetic
dilution cam lsad to & loss of the characteristics we think mske cutthroat
unigue and to & loss of wisbility. Genetic introgression is believed to
be the mest impeortant csuse for decline of westslope cutthroazt trout in
Montens {(Liknes ané Graham 19%88). 45 discussed earlier, fishery menagers
in Hontena have undertsken an extensive program to re-establish
genetically pure populstions {(Allendcrf and Leary 1988).

Tdahc cutthreoat stocks. We kmow that extensive hybridization has occurred
in many areas, but we suspect that scme populations are relatively pure
{see Status section). Any further loss of genetic wariatiom in Idahe
westslope cutthroat trout can be mitigated. by maintenance of strong
populations apd by care in hatchery programs. Hatchery stocking of
Yellowstone cutthreat trout and rainbow trout haes been discontinued in
most Idaho mountain lakes tributary to westslope cutthrost trout water but
nowt througheut the range. We need 2z clearly defined policy on non-nativs
stocking to protect the genetic dintegrity of important remeining
populations. Ve s2uggest that rainbow trout or other cutthreat not be
stocked in drainages supporting ‘“strong® or ‘“depressed’ westslope
cutthroat trout populstions.

To fully understand the genetic integrity of Idabo westslope
cutthroat trout and compare thet with dats from Montanme, an extensive
glectrophoretic inventory will be necessary. Hybridization of westslope
cutthrogt trout and other trout canm be obvious phenotypicelly. Riologists
have sttempted to use externsl appearence 8s 8 guide for a selection in
management programs (i.e., broodstock selection at Havden Lake and Fish
Lake}. Leary et al. (1%83) showed, however, thet morphological criteris

are virtually useless in identifying &ll hvybrids. Bicchemical analyses
are the only reliable methods of evalusting genetic purity. A genetic
inventory in Idaho should be used to: 1) clesrly identify population

strongholds and prioritize management areas by highest bioclogical
“potential, (2) previde & baseline for monitoring the genetic effects of
other stocking programs {(i.e., mountain lekes and catchable rainbow trout)
in pricrity westslope cutthrost trout waters, and (3) identify the best

gites for cellection of broodstock.

SummeIYy

Westslope cutthroat trout interact with other fishes through
competition, predation, and hybridization. The role of esch mechanism in
regulation or limitation of any populstion has not been cleariy shown.
All are probably important, however, in the decline of populations or the
failure of populations to rebuild.
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Competition with native aznd introduced fishes is minimizsd in streams
by habicat segregation. The expansion of brook trout probably represents
a replacement ¢f cutthroat that declined for octher reasons. Brook trout
may be particularly successful where habitat has been altered, however.
Cutthroat may not be essily re-esstablished wheres brook trout now exist,
gither becsuse bhrook trout offer some resistance or because habitat is
unsuitable. Hainbow trout amd cutthrosat trout @Ay compete whare rainbow
trout did not sxist naturally and hsve been introduced. The species
typically segregate, but rainbow trout cam displsce cutthroat where the
twon overlap. Coezistence of introduced reinbow trout and native westslope
cutthroat trout more likely results in extsnsive hybridization.

The use of “catchable® rainbow trout does not appesar to displace
westslope Cutthrogt trour.  ~Catchable stocking <can create -increased
fishing pressure, however, snd aggravate exploitation of cutthroat inm the
same waters.

In inkes, westslope cutthroet trout are most likely to compete with
kokanee salmon. Evidence of competition is only circumstantial. it
competition is important, however, management of single lakes for

enhancement of both species is counterproductive.

Predation mey be 3 particular problem for adfluvial westsiope
cutthroat trout populations. The imtroduction sand/or enhancement of
predators is most common in lakes, and adfluvial stocks must typically
migrate through, of concentrats, in aress whers they can be wvulnerable.
The decline of cutthroat stocks because of overfishing or habitat loss may
allow predation to become s destabilizing force. Predation could make the
rehabilitation of some adfluvial populatioms difficult or impossible.

Hybridization of westslope cutthroat frout with rainbow trout and
Yellowstone cutthroat trout has undoubtedly occurred cthroughout the
range. Although hybridized populstions still support fisheries, the loss
of variabilicy results in a loss of the species characteristics considered
impertant and greater vulnerability to environmental change or
catastrophic events. Extensive hybridization is most likely where
cutthroat populations have been depressed and extensive stocking of other
trout hag persisted for some time. Mountain lake stocking programs may be
an important source of foreign genetic material. 4 clear policy on
non-native introductions is needed to help protect genetic integrity of
important poepulations. Current daeta is inadequate to determine the
genetic integrity of Idaho's westslope cutthroat trout stocks, and an
glectrophoretic inventory of important stocks would he useful.

ReFsQ7RJL



POPULATION DYNAMICE

Groweh

Estimated growth {length-at-age) of westslope cutthroat trout varies

substantially (Figure 2). Growth estimates tend to be higher among
adfluvial populations than fluvial (Figure 2), but such differences are
not consistent. The highest apparent growth rate was from Pend Oreille
Lake (Pratt 1285), but =he largest estimsted length 8t =zge & 235 from
the Coeur d’Alene River (Lewynsky 19586). Growth of westslope cutthroat
trout appears to be slightly allometric. Estimated ceefficients for

the length-weight relationship ranged from 3.03 (Hansonm 1%77) to 3.13
{McMullin 1%79; Mauser et al.). Huston et al. (1984) observed a change in
condicion of westslope cutthroat trout in Keocanusa Reserveir. Neither
Huston et al. (1984} nor cther authors have documented factors influencing
condition or causing variatiom in growth within z populstion.

Growth is probably related to the productivity of individual waters,
although nc one has shown such a relatiomship. A4ll of the estimates we
found show substantially slower growth than that observed for rainhow
trout from 2 "productive® southern Idzho stream (Figure 2. Growth
usually increases as fish move from relatively small and sterile early
rearing streams to larger and more productive rivers or lakes (Lukens
1978). We found no documentation of growth for resident cutthroat. Small
size at maturity {150-200 mm) (Thurow and Bjornn 19%78), however, suggests
very slow growth. Earlier age-at-migration from rearing areas to lakes or
rivers can result in faster overall growth (Lukens 1978) and larger size
at maturity.

There 1is no evidence that growth of cutthroat is influenced by
density. Mauser et al. (1%88) did mote differences in estimated growth of
cutthreat in Nerth Tdaho lakes over time and suggested competition with
kokanee could be important.

Growth of cutthrcat has typically been estimated by scale analysis

and back-calculaticon. We found nc work validating the method. The
potential bias and relative precision of growth estimates for cutthroat
have not been clearly addressed. Some work has shown that in many

populations an annulas is not laid down following the first vear (Mallet
1961; Shepard =t al. 1984: Lewynsky 1986: Lentsch and Griffith 1987). The
location of the scale sample on the body can also result in 2 missing
first amnulus (Huston et al. 1984;.

Scaie analysis and ageing in general can be strongly bissed and

highly wvariable. The lack of annuli and interpretation of early growth
can be & particular problem. & better evaluation of growth patterns could
heln determine whether apparent differences among stocks are rsal. Some

caution should be used in the inzerpretation of existing data and apparent
difference among populations,
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Growth of westslope cutthroat trout. Dark lines

represent adfluvial populations, 1ight lines represent
fluvial populations., Growth of Wood River rainbow trout
iz shown for comparison with 2 productive trout stream
outside the wegstslope curfthroat Lrout range. wWood River
data are from Thurow {198%). OQther data are summarized
in table 2.



Tahle Z. Estimated mesan length-zt-zge for fluvial and adfliuvial
westslope cutthrost trout., Data were summarized by
Lukens (1978 and Fratt (1985;.

MIGRATORY TYPE Age
Water 1 Z 3A & ] & 7

FLOVIAL {Biver)

Middle Fork

. Salmon &a ig0 174 254 322 371
Flathead 53 103 157 262 303 336 IBI
Coeur d'Alene Té 1i5 175 270 358 420

5t. Joe 52 91 143 192 263 291

Marble Creek 50 133 178 235 254

Kelliy Creek 66 161 153 212 23 308

ADFLUVIAL (Lake)

Wolf Lodge® 74 125 214 287 328 365

Wolf Lodge? §8 197 145 236 296 343

St. Joe 72 143 266 338 386

Flathead 64 120 186 261 311 350 382
Pend Oreille BC j48 2561 158

Priest Lake® 89 147 271 izZe k132

g2 Two-year migrants.
b Three-year migrants.
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Growth can have an important influence on the productivicy of
stock, potential yield., and the response to exploitation. Although growt
has heen estimated for a number of populactions, we found no astempts Lo
uze the data to interpret or compare productivity of populations. Ve
typicaliy assume that slower growing populations are less productive or
less resilient, but differences have not bheen guantified.

e

8
0

Mortalley

Barvural Mortalicy

gny westslope cutthroat trout population. Available estimates of total
mortality are for fish wulnerable to fishing and typically represent fish
older than age 3. Estimates in exploited populations range from 0.38 ze
0.78 (Table 3}. Bjorma et al. (1970) esctimated lower rates (8.31-0G.51)
in Kelly Creek and the St. Joe2 following the implementation of special
regulations. Because the new regulations resulted in dramatic reductions
in fishing effort and catch-and-release fishing om all or most of the
stock, they should represent liberal estimates of natural mortality
{Table 33. Apperson et al. {(1588) estimated total mortality of (.58,
exploitation of 0.30, and resulting natural mortality of ©.40G (Table 2V in
the Coeur d'Alene River. The Coeur d-'Alene exploitation estimate could be
bissed low so natural mortality might have been less. The avsilable data
suggest that natural mortality for cutthroat in rivers may range from 0.340
to 0.30. The only comparable datz for a2dfluvial populations was from
Mauser et al. (1988} and was similar to the fluvial esctimaces (Table 3}.
He found no estimates of mortazlity in resident cutthroac.

We found very little dara on mortality during early life (egg to
age 3}. Bjornn and Johnson 1577 asyumed 93% mortality from swim-up fry to
age 1. Irving and Ejornm {1984) showed that survival from egg to swim-up
fry may range from 0.4% to 231 in the laboratory, depending upon the level
of fine sedimeat in incubating gravels. We found no estimates of
mortality during early life in the wild, though the laboratory data are
often used to predict emergence success in wild populations (Stowell et
al. 1983; Chapman 1988;.

Differences or changes in natural mortality among and within
populations have not been documented. The factors influencing mortality,
other than fine sediment and expleitation, azre not commonly addressed in
the available literature. Bijornan et al. (1577a)., Johnsocn and Bjormnn
(1978), amd Behnke znd Zarn (18578) did suggest that natural mortality inm
cutthroat could compensate for some exploitation. The implication was
that if populatioms are regulated primarily by habitat capacity, changing
exploitation will have little influence on total mortvalicy (i.2.., only the
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Table 3, Total mortality, natural mortality, and expicitation astimeted for westslope
cutthroat trout in idahs,

Tetal Hatyral
Hater mortality Exploitation  mortaiit Source
Hiddlie Fork .68 - B Hallet [1963}
Salwon River 0n.78 wewe mewne frimann (1969)
%¢. Joe River
Upper S5i. Joe 0,72 B 0.318 gjornn, Johnson,
Lower 5t. Joe oo wmo 0.54 and Thurow {1977
Lower 5t. Joe 0.78 s mmme Rankel (1071a)
Kelly Creek G.72 come g.478 Bjornn, Johnson,
and Thurow (1977}
Coeur d Alene River
0.58 0.20 g.40" Apperson et al. {1988}
§.59-0.71 ounm wmww Lewynsky (1988}
Priest Lake 1.57 G6.27 0.44 Hauser et 2}. {(1988a)

3 Total mortality estimated following special regulations and substantial decline in
effort, assumed to aporoximate natural mortality.

P tonditional natural mortality as an annual proportion assuming no other mortality was
present {after Ricker 1973},
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number fully seeding availsble habitat czn survive). The likelihood of
compensaticn in cutthroat wvulnerable to ezploitaticn depends on the
carrying capacity of habite: for all life stagee. Densgity dependence in
most fishes is limited to juveniles and not £fish recruited to the fishery
{Cushing 1871)}. Imporzant compensation in cutthroat slso seems more
likely during the first year when spawning and emergent fry might overssed
eveilable regring habitat. ‘

Catastrophic events, such a8 winter floodiamg and scour, may be an
important csuse of natursl mortality for cutthrost. Habitat degradation
could make cutthroat more -vulnerable to these losses, but the freguency
snd severity of such mortality for zny populseion is unkaown.

Predation by other fish is & documented cause of natural mortality
{Beach 1%71; MacPhee 1966; Falter 196%; Mauser 1388; Hormer 1978) and can
limit populztion size (Hormey 1978). Predation could be perticularly
important for adfluviel cutthrost and may be more ipportant than in the
past. Fish migrating to a lake are exposed to more pradsators than those
remaining in tributaries or rivers. In most lakes, several new predators
are present as & rvesult of exotic intraductions. Predator populations
prebably are not limited by cutthrost as prey, and most predators have
remeined stablie, or even flourished, asg cutthreat populaticms declined.
Examples include most asorthern squawfish populations, and the lake trout,
Gerrard rainbow trout, chinock salmen, black basses Micropterus spo., and
nerthern pike, 211 present im northern Idaho lakes. Predation under those
conditions may create a depensatory mertality {Ricker 1934; Peterman
1977y. 1f this is true in westslope cutthroat trout waters, initial
population declines resulting from habitat loss or overexploitation will
be accelerated by predaticn. The result may he collapse of the populaticn
or meintenance of very low densities in a predator trap (Peterman 1977).

Fishing HMortality

Apperson 2t al. (1988) provide the only estimate of exploitation
(0.30) for westslope cutthreat trout under general regulations. 1f we
assume s natural mortalisy of 0.40 in all populations, explairation of
populations inm Table 3 would have been on the crder of C.4¢ to 0.30.

Cutthroat are obviously vulnerable to angling. Relatively low
fishing effort cam produce high ezplecitatiom. Fishing effort asscciated
with declines of cutthroat on Eelly Creek and the Lochsa and Coeur d'alene
rivers ranged from 100 to 200 hi/km {(Lewynsky 19838, We have documented
declines of cutthroat in wilderness streams like Big Creek, the Middle
Fork, and Selway where effort might have been even lower. HMacPhee (1966:
showed that cutthroat in 2 smell stream were more vulnersble to fishing
than brook trout end thet effort cf omly 5 hikm resulted ip expleitatien
of §.50.

Chviously. substantial ezploication can be generated with moderate or
gven limited fishimg pressure. Extreme explcitation is ‘possiblie unders
conditions that are probably not uvnusual. in Brivish Columbia, westslone
cutthroat trout were virtually eliminatsd from gome streams in a few weeks



following opening of the fishing sesson (Al HMartin, British Columbia,
Ministry of Enviromment, persconal communication). Exploitation could sven
become excessive at moderate or even low levels of effort. & cursory
summary of Lochsa snorkeling and catch rece dats (our analysis from data
of Lindland 1982} suggests that cstch rates are not directly related
to denmsity {(Figure 3. The asympiotic relationship implies that
vulnersbility {(proportion of the population taken by 2 unit of effort)
increases as population size dsclines. Depansstory mortality could resuit
from fishing in the same way &5 predation. Ezcessive exploitation could
pocur on Ecme streams even with limited fishing pressure bechuse =z
population decline had been started by previous overfishing or other
CRUBES .

Or. some sccessible streams, overexzploitation could prevent a
population frow recovering even under special regulations. Complete
closure maey be the only way to rebuild some stecks end reduce
vulnerability. Lewynsky (1986 noted that specisl regulations are
typically associsted with 2 dramatic reduction in effort. He suggestsd
that on accessible streams, a special regulation without the dreop in
effort could be imeffective. The density-dependent nature of explocitation
should be studied further. Informaticn similar to the Lochsa data we used
should already be availshble for several populations.

Becruitment

Recruitment ©f juvenile cutthrost to & popuistion will be & function
of stock charascteristics, the environment. and available habitan. Stock
characteristics imcluding sex ratio, mmturity rates (spawning frequency by
ages or size), number and size structure {(influenced by mortality and
growth), and fecundity will determine potential egg production and
potential recruitment. Environmental, habitat, and bioclogicsl factors
that influence survival of embrye and early juvenile life stapes will
determine the reslized recruitment. The latter will include both
density-dependent and independent mechanisms. The stock-related dats
. necesssTy to predict potential recruitment of westslope cutthroat trout
are available.

Lukens (1978) summsarized sex ratiocs ranging from approximetely 2:1 to
1:5, mele to femeles, for six edfluvial populatione. Sez ratics typiecslly
were move hesvily weighted toward femsles (average=1:2.8). Factors
causing seasonal vavriability sand gemerelly higher proporticon of females
have not been documented. Differentizl rates of maruricy and mortality,
with varistion in vyear class size could have some influences; however.
Huston et al. 1984 found s higher female:male rastio in clder age classes.

Retes of maturity 2re alsc wvarisble both within snd among stocks.
Trvpically, cutthrost begin maturing during their chird vear, with
virtuaily all of the populaticn spawning for the first time by the sixth
vear (Behnke 19%7%: Biornn and Liknes 1586). From available data, the
majority of 8 population typically spewns for the first time 2t age
or 5 {Table 4). GCauses of varistion snd differences in maeturity schedu
again are poorly understood. Both pgrowth end genetic programming
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Table 4. Maturity ratss {proportion marure at age) cof westsliope
cutthroat trour. Date for Hungry Horse Creek, 5%. Joe Hiver
and Wolf Lodge Creek were summavrized by Lukens (1%783. Dara
for the Lower Coeur d'Alens River (Appersom et 2l. 1%988) and
that summarized by Lukens are predicted rates from age
composition of spawners. Datas for the Upper Cosur d'Alene
River {Lewynshky 198&) and Middle Fork Salmon River (Mallet
1563) gsre actusl proportions of matuyring £fish in population

2
t.

samples.

Population Age 3 Age & Age 3 Age &
Hﬁnng Horse Cresk - ”bé;lanun “>”6;53.. m 0.98 e
St. Joe River 0.18 G.88 .98 -
Wolf Lodge Creek G.00 0.0ﬁ .85 0.96
Middle Fork Salmon R. e 0.75% 1.80 0.00
Upper Coeur d'Alene River? 0.13 0.14 0.50 1.00
Lower éoeur d'alene River® .20 3.55 1.09 T eee=

3 Lewynsky (1986).
Apperscn et al. (1988;.
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often discussed in salmonid biology. Ages at migrstion from natal

straam
to lake is correlstsd with age of epawning in some stocks {Lukems 1978
and in individual stocks, variation in growth may be impertanc. 5low

growing resident cutthroat, however, may mature at a4 similar age Dbut much
smaller size than fest growing fluvial or adfluvial stocks in the same
draisage (Mauser 1972: Thurow and Bjornn 1978). Hepest spawning does
occur in westslope cutthroat trout Dbut seems rare. The daocumented
contribution of secoad-time spawners is veriable, ranging from 0.7% to 241
(May and Buston 1973; Huston 1872, 19733. Eepeat spawning may occour
predominetely In alternate yeare (Liknes and Graham 1983; Bjoran and
Liknes 1984). Deata on maturity rates can be misleading since they are
often collected by sampling 2 spawning rum. Varisticn in year class size
can scrobogly influence the ege vlsss componsnts of -aay run. - The mos:
useful datas come from directly sampling the populstiom prior to gpawning
and noting the proportion of reproductively active fish inm each age class.

Documented fecundities for westslope cutthroat trout range from 200
to about 2,000 eggs per female (Averett 1962; Jochmson 1563 Smith et al.’

1983). From z Montana broodstock (Smith et al. 1983), eggs per gram of
body weight ranges from 1.6 to 3.3 (¥=2.3) and the gonado-somatic index
{g 2gg5 per kg body weight) razngee from 2.8 to 5.1 (¥E=4.1). Using

observations of individual cutthroet from the St. Joe River (Averett 1562)
and the Flathead River (Johnson 1963), we £fit a fecundity {(E} length (L)
relation of E=3°10-%:L2-537  with an £?=0.88. Fecundity and reproductive
effort in cutthrost appears similar to other salmomids. We could find no
data demonstrsting variability or differences in fecundity among and
within sztocks.

With availsble data on sex ratic, maturity rates, and on fecundiny
and observation or assumptions about growth and mortality, biclogisis can
meke reasonable predictions about reproductive potential. Simple models
have been used to evaluate management alternatives to meximize recruitment
in other fish populations (Prager et z2l. 1987). That approach has not
been applied in cutthrcat management. Such work could be useful where
regulations are needed to rvebuild depressed stocks az guickly as possible.

The factors influencing early survival and the difference between
realized and potential recruitment are not well known for cutthroar.
Compensaticn must exist, however, for any population te establish
an equilibrium under chsnging mortality £rom other causes {i.e..
exploitation}. Density-dependent changes in esrly survival are well
established for salmonids. In stream dwelling salmonids, early survival
may be regulated by aveilable habitat (Chapman 1%66). When reproductive
potentisl iz enough to overseed the available habitar with juveniles,
the gurplus may be displaced snd ultimately lost. The result may be a
relaticonship between adult stock and realized recruitment resembling A
in Figure 4, equivalent to a2 stock-recruitment curve (Ricksr 19563,
Early monitoring results from Kelly Creek suggest that numbers of juvenile
cutthreat remained stable over several vyears, even though the adults
population {(3nd potential recruitment) was increasing under new
catch-snd-relesse rsgulations (see Chapman et al.. 19733, Similarly
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Hypothetical stock-recruitment relationships for
westslope cutthroat Crout. The differsnt curves are
digscussed in the tex:t. "A" represents a population in

pristine hahitat, "BY represents a population under heavy

density independent mortality, and "C" represents &
population where carrying capacity has been reduced.
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relatively high numbers of ‘juvenile cutthroat were common in the 3t. Joe,
even though £ish in excess of 12 inches were heavily exploited under the

i3-inch minimum size limit. These circumstantial evidence suggest <that
a2 relationship simiiar to Figure &A may exist for westslope cutthroat
crout under some conditions. Such a relationship might bhe considered

typical of resilient stocks, and very strong compensation in early
survival (for example, see Ricker 1%5%4; Goodysar 1%80; Framcis 1988).
Bjornn et al. (1977h} suggest that compensation in cutthrogt recruitment
may not be strong because the St. Joe and Kelly populations declined under
gxploitation. We Delieve that compensation may actually have been wvery
strong. The raplid growth of the St. Joe and Xelly Creek populations
(which seemed tc approach new and higher eguilibrium) under special

regulations could not gccur without a2 productive recrullmient fesponse {see
following section on population simulations).

Characteristics of the environment may directly influence the nature
of cutthroat recruitment and the strength of the compensation that
accurs. Density-independent mortality can alter the relationship between
potential and realized recruitment. A general increase inm early mortality
should produce a less resilient response (Figure 4B} (Goodyear 1580;
Ricker 1954).

Hzbitat changes can alsc influence the capacity of a stream for
juvenile fish. A chamge of that sor%t should lower the asymptote in the
recruitment relationship {Figure 4C). Stream channelization, increased
hedleoad, and a loss of woody debris, asscciated with timber harvest and
read conmstruction, have resulted im lower habitat complexity in many
northern Idaho cutthrozat streams (Ned Hormer, Idaho Department of Fish and
Game, personal communication; Bob Rainville, U.S. Forest Service, persomal
communication).

Although stock or density-<dependent recruitment relatiomships have
not hbeen demonstrated for cutthreoat, we believe 2 relatively productive
response 1s a reasonable assumption for westslope cutthroat trout in

pristine habitat. We alsc believe that resilience and/or juvenile
carrying capacity will decline with degradation of streams. The magnitude
of the change with any given level of degredation is unknown. Given

available models ¢f fine sediment and embryo survival, new information
on juvenile overwinter survival, available models of habitar gquality,
available populatrion models, and the datz necessary to predict potential
recruitment, it may be possible to simuiate changes in recruitment
expected from at least some kinds of habitat alteration. To ocur knowledge
no one has attempted to do that for westslope cutthroar trout. We used
gimulations to evaluzte the relative importance of the stock recruitment
funiction in recrulitment and the need for further work {ses next section}.



Population Simulstions

Management o©f westslope cutthreat trout has produced inconsistent
results. Fishing regulations have caused dramatic responses in some
populations bat not in others. Regulatioms have typically been based on
the perception cf overfishing and generzl essumptions in population
dynamics. Although heavy exploitstion undoubtedly occurs, differences
in population characteristics cam obvicusly 1nfluence the relative
importance of fishing in the population. Some attempts 2t regulation have
congidered growth and maturity dats in the selection of size limits.
Several suthors have modeled westslope cutthropat trout populations (see
Bicrnn et al. 1977h: Horner et al. 1988: Cowley 1987; Mauser et al.

1988b), but none have examined the effects of errors in assumptions oF
parameter estimates. Better data on populaticn dynamics can obwicusly
lead to better predictioms of population responses {(to management). We
used simulation analysis to examine availahle informstion and describe the
relative importance of differemt populaticon data to predictioms of
population response.

Cur ohjectives for the analysis were:

i. To describe a range of westslope cutthrost frout responses Lo
expleitation given the differences we expect in growth, maturity,
recruitment, and mortality: and

2. To pricritize informstion on populztion characteristics needed to
evaluate mansgementi zlternatives.

Methods

We used a genesralized population model, MOCPOF, designed for
simulation of age-structured populations (Besmesderfer 1988). The model
was an adaptation of Tavlor (1981) with the exception that recruitment was
stock-dependent., described by a Beverton-Holt function (Ricker 1975).
Jutput providsd annual summaries of toral age or size-specific number,

catch, zand yield. Simulations could be run for any number of vears.
Required inputs were size-specific exploitation, growth (Von Bertalanffy
coesfficients), a2ge-specific maturity rates, age-specific mnatural

mortality, length-weight coefficients, length-fecundity ccefficients, and
recruitment-function coefficients.

We did not incorporate any density dependence in growth or mortalicy
afrer the first age class in the model. Density-cdependent growth has
rarely been considered impeortant in stream fishes amd has not been
documented in fluvial or adfluvial westslope cutthrost trout. We did
incorporate demsity dependence in recruitment using the Beverton-Holt
function in the model.
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¥e used a simpie sensitivity analvsis to describe the influence of
changes in #ey population char £ ics. We held 21l parazmecers
caonstant and independently wvar ents for growth and ratss of
maturity, the recruitment functioc nd natural mertality.

]

Ll

We exploited esach population, dnirially at equilibrium, at rates
ranging from ¢.0 to ©0.90 for a pericd of 20 years. We assumed that all
£izh larger than 130 mm were equally vulnerable to fishing. We summarized
results as the total population larger than 150 mm and the proportion
larger tham 300 mm. To standardize regults among simulatlions, we present
numbers at 20 years a3 a proportion of the unexploiced number {population
in egquilibrium). We used cur results to describe changes in number with

increasing exploitation. time necessary for a pepulation to reccver from

gverexploitation (unexploited population growing frem 10I to 907 of the
unexploited equilibrium), and the influence of minimum size limits ranging
from 250 to 500 sm. We used the differences in output resulting from
change in the perameters as the measure of sensitivity.

Our parameter estimates were based on the data summarized from the
literature (Table 3} and in the preceding section of this report. The
high and low values of growth, mortality, and maturity were assumed %o be
representative of the upper and lower range anticipated for cutthroet
prpulaticons. We used intermediate values for growth and mortality and
high rates of maturity in initial simulations. To describe growth, we
used the Von Bertalanffy models fit to the data shown in Figure 2. For
mortality, we used the range {0.30 to 0.50) indicated in available data.
We assumed maturity to be dependent om age and selected rates of maturity
similar to the reported range (Table 4). We had nc data to select a range
of recruitment responses. We chose then to represent the recruitment
functions with two Beverton-Holt models approximating Figures 44 and 4B,
The difference in the two represents difference in the "resilience” of
recruitment we might expect between populations in pristine habitat and
those where significant degradation o¢f. habitat has occurred (see the
previgus secilon on recruitment}. We used the former model im the initial
simulations. Each simulation was started with a population at equilibrium
under no explcitation. Natural mortazality was constant among all ages
afrer the first year, with the excepticn that no fish survived beyond age
8. Mortality during the first year was selected to produce a2 stable
population in equilibrium with no exploitation and numbers at age 1 of
1,000, Each simulation was run until the population reached a new
eguilibrium, or 20 vears. VWhen a populaticn failed to stabilize in the
20-year period, results were presented for that year.

Simulation Resulis

Harvestable number (fish >130 mm) declined with explecitation in all
simulations, but results varied dramatically with the parameters we used.
The change in number, as a proportion of the unexploited population, was
most sensitive to changes in the recruitment funceion, The modrl was
insensitive to changes in the rates cof maturity and moderately sensitive
to changes in mertzlicy and growth {Flgurs 33,
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Table 5 Parameter sstimstes used in westslope cutthroat trout populaticn
simularions.
Parameters for Estimate or eguation?® Source
Fecundity 0.0003 * L1257 Averett (1962}
Johnson (1963)
Length-Weight ' W= (4,35 % 1076y3.14 Mauser {1972z}
Hanson (1977}
McMullin (1979}
Srowth
High L = 1600(1 - e-0.07(Age - 0.34}, This Report
Low L = 950(1 - e-0.06(Age - 0.34},
Intermediate L = 1100(1 - e-0-08{Age - 0.20),
Maturity Schedule
Best fge 3 = .15 Age 4 = (.70 > Age 5 = .00 This Repor:
Low Age 3 = 9.05 Age 4 = 0.15 Age 5 = 0.70 > Age § = 1.00
Matural Mortalityb
High ¢.30 This Report
Low . 0.30
Intermediate ' 0.40
Recruitment AC This Report
High .08
Low g.50¢

In each equation L = length in millimeters and W = weight in grams.

b conditional natural mortality as a proportion assuming no other mortality
is operating in the population. i

Cogfficient for the shape of 2 Bevertom-Hol:t recruitment curve

{Ricker 1973).

]

a

s

TABLES



0.8

Ge O BACWTH

Qi HHER GROWTH

ZO—-ROoOnn

azy

a8
P .
& T, LOW MORTALITY
o
St HIGH MORTALITY
o
N

jeba g

G 3 ] 4

ZO——D0VODnU

F%EGR‘ERﬁAENT A -3 .7

=

. G - & P A
5 &

g Gf G2 08 04 08 68 47 08 06 3

EXPLOITATION

Simulations of wastslao cuttihiroat Trout number

nroportion of 1 Mexpag1wed opulation number) with varied
N“owuhi natural o* ality, sgpawning freguency, and
rasilience 1n the sSZock recrulitment relationship, under
different levels of expi@lzatlono The dark line shows
3 populiartion with initial parametsr aestimates, the light

lines show deflect resulte Wwith changes in single

&
= = =)
LD = H e e
= = = 3 S e e = =
narameiers described in the Text.



In the base simulations, zhe population declined by abour 631, with
expleitation of 2.8%. Differences in mortality produced declines rangi
from 534 te 70Z. Differences in growth resulted in declines of 507 t
30Z. The change in recruitment produced similar declines with much lower
exploitation (G.20 to £.40). Under low recruitment the population
collapsed, with expleitation exceeding C.80.

Higher growth and lower mortality produced populations more sensitive
te exploitation. With faster growth, fish became wulnerable at lower
ages. Under low natural mertality, the initizl (stable) population was
larger, and the azdditional mortalicty from explcitation was, relatively,
more important.

Under low exploitation, simulations with high gfowth and iow netur=al
mortality resulted in populations up to three times larger than under
cpposite conditions (Figure 6). Given equivalent recruitment, fast growth
and low mortality cen obvicusly produce more fish available to fishing,
but 2 population less resilient to exploitation (i.e., relative changes
caused by exploitation will be more pronounced in a population with fast
growth and low mertality than under the opposite conditioms:}.

Growth and mortality bhaed the most importsnt influence on the
structure of simulated populaticms (Figure 7). Results were moderately
gensitive to recruitment only at high exploitation.

kecovery of depressed populations wes almost entirely dependent upon
the recruitment function (Figure 8). With high recruitment, no
exploitation, and changes in growth, mortality, and maturity, it took 7 to
16 yezrs for simulated populations to grow from 107 to 90I of unexploited
numbers. Under low recruitment, it took more than 50 years to reach the
same level.

Simulated responses to size limits were similar to those with waried
exploitation. [KResults were again only moderately sensitive teo chamges in
growth and mortality. Rates of maturity were more important than in other
simulations. Under lower size limits (8 to 10 inches) differences in
these parameters produced differences of up to 40I of the base population
{Figure 9}. Simulations under low recruitment again resulted in the
largest differences (up to 5531 of the base population). Differences among
all simulations were less with higher size limits (Figure 9).

Discussion

Our simuletions do not represent specific populations and cannot be
used to guide management of any single stock.

They do show the range of responses to exploitation and management we
can expect among our populations. Our data suggest that any two
populations can respond in drametically different ways.
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Our results show that growth and mortality of westslope cutthroat
trout is important to the absciute anumber and size of {fish in the
population. Productive waters should simply produce more large fish given
the same recruitment. Qur rssults suggest, however, that recruitment is
by far the most important characteristic controlling any response o
exploitation. Any decline in the stremgth of the recruitment function
{resilience) will make che population more vulnerable to ezploitarion and
greastly exaggerate recovery time under any regulation. Thsoretically,
chenges in habitat caused by develepment can result in less resilient
recruitment. Differences represented by the functiom in our simulations
are not unrealistic. Exvensive development might easily result in an
cesponse even less resilient than our lower functiom. Because cutthroat
are so vulnerable to fishing, even very low effort could produce excessive
exploitation. With substantial loss in resiliemce, it may be impossible
to protect or re-establish some populations with any regulation.

& loss of resilience could explain the failure of special reguiations
on several populations. We have noted poer, or at least much slower than
anticipated, responses of cutthroast to special regulations on Priest Lake
{Mauser et al. 1988b), the Coesur d'Alesme River (Lewynsky 1986; Cindy
Ecbertson, Idaho Department of Fish and Game, personal comnunication!, the
Scuth Fork Salmon River (Don Anderson, Idabc Department of Fish and Game,
personal communication), and Hayden Lake (Gregg Mauser, Idaho Department
of Fish and Game, perscnal communicatiom). 411 of these drainages have
gsuffered extensive habitat degradation. At the same time, we have sean
dramatic recoveries in other drainages such as the upper St. Joe River,
Kelly Creek, Selway River, and Big Creek (tributary to Middle Fork Salmon
River). These drainages are, at least partially., in wilderness or
undevelopad settings where habitat changes are probably less severe.

The recognitrion of recruitment as the dominant process for cutthroat
management is important since it is the process we know least about.
Virtually all of ocur work documents growth, and several projects have
congidered maturity and mortality rates. We know that exploitation can
approach 70 or meore, with relatively low fishing effort. We do not have
any data documenting the recruitment process. We can speculate abour the
process as we have done here and safely conclude that it will be
influenced by habitat degradation. We do not understand {(or have noct
estimated)} the loss of resilience expected with any degree of development,
however. One reason we know so little zbout recruitment is the difficulty
in actually measuring a response. Typically, 2 long time series with a
highly varying adult stock is neseded. A synthesis of existing habitat,
sediment, and population models may provide an alternative approach.
Better documentation of juvenile abundance and population response times
in newly regulated drainages could also be helpful. The cbservaticms in
Kelily Creek and the St. Joe suggest strong recrultment in drainages undez
nearly pristine conditions. Documentation of habitat conditioms in those
drainages and im others where populations have not responded could at
least give us bounds Zor comsideration in future management.
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Summary

Growth of cutthroat varies substantially among populations.
Variation and error in growth estimates have not been described within
populations. Although growth can have sn influence on productivity of
individual stocks, the importance of observed and potential wvariation has
not besn evaluated.

We found few ettempts to estimste mortality snd its components.
Experimental management has shown that fishing mortality csn be high and
can clearly limit populstions. Causes of natural mortality are less well
-known, bur. fine sediment. catastrovhic events, and predation could all be
important. Changes in systems caused by habitst degradation and the
introduction of new predators could result imn higher natural mortalirty.
Depensation in mortzlity caused by fishing and predation may result in
collapse of some populations. Depensatory mortality could prevent
recovery even with special regulations and artificial enhancement. Better
information on the density-dependent nature of some mortalities may be
critical to rehabilitation of some stocks.

We know very little about the nature of recruitment in westslope
cutthroat trout. The biological data necessary to predict potentisl egg
deposition (potential recruitment) are avellable. Informetion on both the
density-dependent sand independent mortalities between spawning and actual
recruitment, however, are limited. Habitat can obviously influence both
kinds of mortality. The decline in recruitment and loss of resilience in
the stock-recruitment relationship associsted with habitat degradation has
not been demonstrated in wild populations.

Most of cur informationm on population dynamics has been inferred from
experimentzl manipulation of populations vis regulstions. Estimates of
actual population parameters are few. Estimates (with the exception of
growth) are usually difficult to obtain znd can be of guestionable
accuracy. Manipulative research may be the best approach in understanding
population responses.

Because the resiiience in recruitment can so strongly influence the
response to expleocitation and management, it seems important to have better
information. A decision of whether or not to implement new regulations or
attempt an artificial enhancewent (or reintroduction) should be strongly

influenced by predictions of population response. Those predictions are
virtually impossible without a2t least some judgment about the resilisnce
in recruitment. I1f we can develop a reasonable zssumption about
recruitment, then additiomal data on growth, mortality, and rates of
maturity will be useful in fine tuning our management predictions. 1f
agssumptions must be general, then any new management will be experimental
in nature, ¥We should be prepared for a wide range of population
resSponses.
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HATCHERY SUPPLEMENTATICH

Higtory

& variety of hatchery programs have besn used for more thanm 30 years
in attempts to enhance westslope cutthroat trout populations and
figheries. Westslope cutthrost trout were not identifled as a subspscies
in Idaho's hatchery planting records uncil 1981. Prior te 1977, however,
production was minimal, with the possible exception of large sgg takes
in Priegt Lake in the 19308 and 1940s. Between 15877 and 1982, production
expanded dramatically with an enhancement program on Hayden Lake
(Table 87,

Both fingerling and fry production have been used to augment wild
populations in several large lakes (Bjornn 1457; Goodnight and Mauser
1978, 197%, 1980: Ellis 1983: Horner and Rieman 1985; Mauser et al. 1988},
rivers (Walch and Mauser 1976:; Gerry Cliver, British Columbia Fish and
Wildlife Branch, persconal communication), and reservoirs {Hustonm et al.
1984h;. ingerlings have zlso been used in attempts to establish new
popelations in Payette Lake and Deadwood Reservoir (Don Anderson, Idaho
Fish and Game, personal communication). Regiom 1 of Idaho Department of
Fish and Game has used fingerling releases to entirely support the
cutthroat fisheries of geveral small lakes. ~Catchable” size westslope
cutthroat trout have not been used in Idahe.

Initial hatchery production was primarily of fingerling gize £ish,
but production of westslope cutthroat trout fry expanded in the early
13803 {Table 3. Fry have been used to stock high mouncain lakes
throughout the stzate ({Idahe hatchery records). HMost fry, howsver., have
been wsed in attempts to re-establish production in underseeded
tributaries to Priest Lake (se=e Irving 1987 and Cowley 1987} (Table 6).

Montana 13 currently using hatchery production to re-establish
pure2-strain westslope cutthreoat trout populatioms in drainages where
introductions o©f non-native etrgut have resulted in severe genetfic
introgression {(Allendorf and Leary 19%8). '

Hatchery productieon 4in Idaho, Montana, British Columbia, and
Washington has been supported by wild spawning runs, hatchery-produced or
naturalized spawning £ish im "brocd lakes,® or c¢aptive hatchery
populations. Broodstocks have developed from single populations (i.e.,
¥ings Lake, Washington originally from Priest Lake) (Goodnight and Mauser
1979) and from a collection of stocks thought to have similar adfluvial
characteristics {Goodnight and Mauser 1979) or to bs genstically pure
{Allendorf and Learvy 1988).

Evesluations

t ail of the westslope cutthreat tfrout hatchery
evaluated. dvailable results, however, show mixed s
Lake, spawning cutthroat were ifrapped, and some res
urned to the lake as sarly as 1940 (Bicrnn 1957b). Releas
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Table § Humbers znd totsl pounds of hatchery-reared westslope

cutthroat trout planted in Idaho waters from 1977 to 1987,

Hatchery data base is complete oniy after 1981, but

virtually all previous production went to Havden Lake.

Total

Year Fry Fingeriing Adulek pounds
1277 eem=aa 30,0008 - - -
1678 smeewa 53,0008 0 eesws aeees
1979 eeaae 56.000% 00000 ceeee ceeaw
1980 eeeew 12,0008  eeeen e
%81 eeae- 135,000% eeee- TTTUTLLLLE
1982 25,400 441, 000D 200 17,400
1983 9,300 480,000 500 12,700
1984 444,000 276,0008 175 9,500
1585 1,032, 000f 271,0008 B4  meees
1286 388,00@% 342,930? 2,900 8,500
1387 B4G, 000+ 99,000 2,000 6,600
a

FOe ovh 0 (L oo

S Lats e

Hatchery dats base incomplete; summary is
only {Ellis 1983).

677 ro Havden Lake: 33% to Priest Lake.
577 im an unexplained release te the Fend
45%Z to Priest Lake.

672 to Priest Lske: remainder to mountain
100% o Priest Lake.

647 to Priest Lake:; remainder to mountain
437 to Priest Lake: remainder toc mountain
72% to Priest Lake.

727 to Priest Lake: remainder to mountain
452 to Priest Lake.

for Hayden Lake

Oreille River:
lakess.

lazkes.
lakes.

lakes.

Releases of spawned out broocdstock in Regionm 1 lowland lakes.
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to 300,000 fry of mized origin {including Hemrys Lake and Bear Lake) werse
made intc the 1930s with 0o apparent henefit (Bjormn 1937%). Decline of
the Priest Lake population might actuslly have been accelerated by
hatchery interventiom {Bjornmn 1957b). Recognitiom of westslope cutthroat
crout as a unligue and locally adapted subspecies resulted in other
programs to develop pure broodstocks. Cutthroat originating from several
lakes in Idahe and Hungry Horse Ressrvoir in Montana were used to
establish several broodstocks {Soodnight and Mauser 1979 McCall Hatchery,
unpublished report 1%87}.

Idaho Department of Fish snd Game released up to 300,000 fingerlings
¢” 200/hay annually into Hayden Lake from 1977 to 1982 (EBllis 1983). ALl
ralesses more than doubled (hatchery fish = 5397) the catch of cutthroat
from-Hayden-Lake —Although fishing..wag. better than without hatchery
support, a single release of 134,000 fish produced catch and harvest rates
of only 0.12 and 0.04 fish/h, respectively (Ellis 1983). Harvest rates
were substantially lower than catch rates because fishing regulations
included a lé4-inch minimum size limit. Most fish rvecruited to the catch
were below the minimum size in the year of census. Total return teo the
creel was 0.6%1 {(Horner and Rieman 1983). Survival from relesase to
returning adult was estimated at %I (Goodnight and Mauser 1980) to C0.8%
{Horner and Rieman 1983). 4 minimuam survival of 11 to 2% was considered
necsssary just te masintain a viable program (Horner and Rieman 1985).

In 1983, managers concluded that supplementation of a cutthroat
fishery in Hayden Lake was not meeting program goals (Heorner and Rieman
198s5;:. Most production was shifred to Priest Lake in am effort to
accelerats recovery of a sericusly depressed stock. EHelesgses of 39,000 to
420,000 {(44/ha) fingerlings were made to Priest Lake from 1981 to 1987
{Mauser et al. 1988b). As in Havyden Lake. the releases substantially
increased the total population (hatchery fish <647 of all first yesr
cutthroat) in younger age classes, but hatchery fish virtually disappeared
in older age classes. Estimated returns as spawning adults were very low.
(3 to €.17} (Mauser et al. 1988b). No hactchery fish were observed in the
catch during systematic census. Priest Lake fishing regulations also
included 2 minimum size limit. Gregg Mauser {Idaho Fish and Game,
perscnal communication) believes that significant numbers of {ish may
actuzlly have been available to the fishery during the first or second
vear of lake residence. Use of hatchery fish without repgulations
designed to produce qguality fish or re-establish 2z spawning escapement
{i.e., no minimum size limit) might produce a more reasonable fishery.

The Montana Department of Fish, Wildlife., and Parks stocked over
5 million westslope cutthrcat treout frv and fingerlings in Koocanusa
Reserveir and ity tributaries between 1970 and 1982 {Hustom et al. 1%843.
Hatchery fish made up to 8CI of the total population and also supported
cztch rates ranging from 0.84 to 0.16 hatchery fish/h. Survival of fish
stocked in tributaries was good {30 to 407 from YOY to vearling) and
resulted in the establishment of new spawning runs. Estimated survival of
smolt to returning adul:t in one tributary was also high (387 o 40I), but

w7

releases made dirsctly lnto the reservoir supported virtually the sncire
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fishery.  Hustom et al. (1%84) conciuded the hatchery augmentation was
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important to maintalin zhe cutthroat fishery om Koocenusa Reservolir.
Survival of hatchery releases and condition of fish apparently declined
rhrough the study, however {Huston et al. 128a4b). Benefits of <the
hatchery program apparently were not sustained in the cheanging reservoir
system. Competition or predationm with growing populations of other fishes
muy have been important in the declinme {(Huston et al. 1984).

Cutthroat f£fry heve been used intensively in some vributaries of
Priest Lake. Releases were used te fully seed underutilized habitat and
accelerate population recovery. Stocking densities of 3500 to 1,000
frvy/i0g m? hzs established rearing populations (Irving 1%87: Cowley 1987
Strach 1989%). Intreoductions produced the best results in smell streams

(<5 m wide). Heavy stocking on—top-of established brook troot did act

result in displacement of brock trout or any improvement im cutthroat
suyrvival. Stocking was most successful where brook trout were removed or
naturally absent (Strach 13%89}. As vet, there is no evidence to show
whether fry releases will result in adult returms and the re-estsblishment
of stromg natural production in the Priest Lake system.

Use of hatchery westslope cutthroat trout in large rivers has been
limited. Walch and Mauser (1976) found only 0.2 of fish released in the
St. Joe River were returned to the creel. Hatchery cutthreat relegsed in
the 5t. Mary River, British Celumbia, apparently moved completely out of
the system and d4id not contribute to any fishery (Gerry Cliwver, British
Columbia Fish and Wildlife Branch, personal communication).

Westslope cutthrost trout have been used extensively for mountain
Lake plants in Idahs since the early 198Cs. Programs have shifted from
other cutthroat strains previgusly used throughout the westslops cutthroat
trout range. The change was made to protect the genetic integrity of
populations lower in the stocked draimages. Over 200 different lakes have
been stocked since 1984. The performance of westslope cutthreat trout has
not been evaluated in compariscn to other salmonids used in mountain
lakes. Several fishery manzgers believe, however, that performance is
good and better than for other stocks (Bert Bowler, Idaho Depar*men? of
Fish and Game, perscnal communication). Fish are obviously surviving and
_growing well in some lakes {Bahls 1989).

Montana is currently. engaged in an extensive program of cutthroat
introductions intended to re-establish genetically pure populsztions
{Allendorf and Lezry 1988). The Montansz Department of Fish, Wildlife, and
Parks 1s stocking someé aress in attempts to dilute nen-native genes.
Other streams will be eradicated and then restocked. Nc results are
available on this program.

In general, hatchervy programs have not been clearly successful, and
the utility of supplementation is questionabile. Fingerling production can
produce significant increases in severely depressed fisheries. Overall
survival in large lakes has been poor, however., Manzgement goals will
regquire very large hatchery programs that may not be cost effective, or
substantial improvement in survival toc adult or fo the fishery. Questions
regarding size aad time of release have not been fully addressed. Mauser

ROFS078JP 61



et al. {1988a) suggested that fingerlings larger than 150 mm survived at
nearly 40 times the rate of =zsmailer £isgh. Survival, even of large
fingerlings (0.21), however, was inadequate to produce s self-sustaining
{i.e2., no need for an cutside egg source) pProgram.

It is alsc unclear whethey fry stocking can produce anm increase in
rearing numbers faster tham natural recovery. In the Priest Lake
drainage, Sctrach (1989%) found 2 significant increase in rearing cutthroat
density in 3 stocksd stream compared to zn umstocked control stresm where
brook trout were absent but neot whers brook trout were present. He also
noted, howsver, a similar incresse in cutthroat demsity in other unstocked
streams where angling had been eliminated and brook trout were absent. He
~gpeculated —that habitat in the latter streams was better sujted to

cutthroat than in the test streams (Russ Strach, University of Idaho,
personal communication). We speculate that in appropriazte habitat,
angling restricticons =and brock trout removal may result in cutthroat
recovery as quickly as the addition of hatchery £ish. Obwicuslvy such
recovery would be dependent upon the presence of 2z viable population. We
do no know what minimum wiable numbers are necessary for a population to
recover naturally. If the population drops tooc low (<100 pairs), genetic
detericoration through inbreeding could hasten a declime. If cutthroat are
absent or at extremely low densities, some stocking could be useful to
furnish a seed popularicn or increass genetic diversity. If moderare
numbers are present, but lack the resilience to rebuild naturally when
fishing is curtailed, we question whether support is useful.

Altarnatives f£or ths Futurs

The poor performence of hatchery programse could be related to the
enhancement sites. Hatchery fish heve bsen used primsrily to re-establish
ar supplement populations in large (»2,0090 ka) lakes or reservolirs, with
limited or poor success. The native and introduced fish communities in
those waters cculd seriously restrict survival., Predation by lake trout
and northern squawfish is probably important {Mauser ez al. 1988a: Huston
et al. 1984}, but competitcion, particularly with kokanee {Mauser et
al. 1988b; Huston et al. 1984), might alsc play a role. Cutthroat
introducticns in smaller lakes with a less diverse {(cr barren) fish
community seem tg have fared better. Fishery managers in Washington use
westslope cutthroset trout only in relatively smsall (<300 ha), barren,
or reclaimed lakss. They believe that hatchery programs can sustain
a2 fishery only where compecition or predation is unimportant (Steve
Jackson, Washingion Deparement of Wildlife, persomal communication). The
broodstocks established in Kings Lake (23 ha) and Twin Lakes (129 ha),
Washington, and Fish Lake, Idaho, arz obviously successful. The mountain
iake programs in Idabo also ssem to be effective, and Idaho’s Hegion 1 has
had socme success in small (<30¢ ha) lowland lakes (Ned Hormer. Idaho

Department of Fish and Game, personal communication). Re-establishment or
maintenance of a primezy fishery on large lakes may simply be infeasible
given the existing fish communities. Hatchery programs to produce high

qualicy cucthroat £ishing opportunity might be better suited to smaller or
iess diverse lakes,



It may be possible teo produce a reasonsble cutthreat £ishery on a
iimited "put-and-grow® or even ‘put-and-take® basis. If program goals are
changed from reestablishing or augmenting wild production to simply
providing cutthroat fishing opportunity, special regulations could be
gliminated. BRelesasze of large fish t¢ minimize neatural mortazlity and fime
to recruitment could produce an acceptable fishery. That type of program
hes not yet been successfully demonstrated.

Hatchery fingerlimg productionm might also be better used to establish
geographically restricted fisheries rather than to support entire
EYPESMS . Aveilable data in Priest Lake suggests thset cutthroat move
throughout the basin (Gregg Mauser, Idsho Department of Fish and Game,
personal comounicsticn). 0On Coeur d*Alens Lake, however, concentrations
of cutthroat, probably from a single spewning stream (Wolf Lodge Creeit),
support a spatislly and sessonally localized and popular fishery.
Development of similar performence with & hstchery-supported stock could
maximize returns, provide the opportunity and diversity of cutthreat
tishing, and not reguire the full seeding of & large system to achieve
reasonable fishing success. Similar results wmight bYbe achieved by
educating anglers on the times and areas where hatchery cutthrost are most
vulnerable and on the gears that are most effective.

Fry seeding might be 3 more efficient slternative to fingerling
preduction in efforts to supplement {fisheries of appropriste lakes
{Cowley 1987). The feasibility of suppiementation with fry needs to be
demonstrated, however, The costs and benefits relative to the range of
available releass sizes (fry End fingeriing) and times (ses, for ezample,
Hurne and Parkinson 1588) should also be established.

At present, fry production would sezem best suited to reintroduction
in streams where ne wild recruitment is possible, but habitat iz adeguate
to support 2 self-sustaining population.

The use of hetchery production to supplement westslope cutthroat
trout populations and fisheries has begen controversial, in part because
of expense and relstively “poor” returns. Unfortunately, criteria
defining & “cost effective” program have not been established. We sugges:
that fishery managers respcnsible for westslope cutthroat trowt should
develop objective and specific criteris for an acceptable hatchery
program. A cost benefit approach could be one alternative. The average
total eccnomic wvalue (travel cost and willingness to pay) for a fishing
day in Idaho was estimsted gt 543.87 (Scrg et al. 1583;. FProduction cos:
of fingerling cutthroast trout a2t the Clark Fork Hatchery is about 50.30
per fish (Mike Larkin, Idaho Department of Fish and Game, personal
communication}. If & progrem cost-io-value-produced ratic of 1:1 is
necessary for an accsptable program., & fingerling release of 100,000
figh must support aboutr 700 days {or 3.000 hours) of angling. By an
alternative messure, if 12 of fish released are returned to the creel
{similar or better than past programs), our coskt of a fish in the creel
$30. If return is 5%, cost is §5 per fish. An acceptable cost per fish
should be derived by comparison with other hstchery programs or some
measure of the value of an individual fish in the creel.
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Broodstock and Genetic Considerations

Genetic considerations are impertant in any hatchery program and
could be the basils of poor results in Idaho. Reduced genetic variabiliny
resulting from 2 small founding population can sericusly reduce growth,
survival, aad wulnerability to dizsesse and other stress {Allendorf and
Lesry 1988). The original Montana broodstock was founded from 13 adult
pairs. Within a few gsneratioms, the populaticn was extremely inbred,
exhibited developmental snd survival problems, aad a high frequency of
bilateral asymmetry {(Allendorf and Phelps 1980; Joe Huston, HMontana
Department of PFish, Wildlife and Parks, personal communication). Founding
with %00 adult pairs has besn recormmended {Robb Leary, Universicy of

Montana, personal communication) and beocdstock management should-—include
periodic infusiom of wild genetic material. Extreme care should aisc be
taken to prevent selection by virtue of captive performance {(Allendorf and
Phelps 1980; Allendorf and Ryman 1987; Allendorf and Leary 1988).

Selection of am appropriate broocdstock could also be important inc

attempts to re-establish self-sustaining production. Montana's new
program of reintroduction emphasizes gemetic purity and diversity. The
new broodstock incorporates 12 gecographically distinct populations and was
founded with s total of 6,400 fish (Joe Huston, perscnal communication).
The Montana broodstock was not selected on the basis of life history type
and incorporates stocks of resident, fluvial, and adfluvial backgrounds.
The Montana approach to life history diversity im the new broodstock
is appropriate for a reintroduction in a number of different drainages
where viable populations no longer exist. Performance of existing locally
adapted stocks, however, wmight be compromised by such broodstock
diversity.

Performance of stocks may be influenced by introgression and gemetic
diversity but alsc by local adaptation (allendeorf and Leary 1988;
Heisenbichler 1988). Stocks of fluvial or resident cutthroat may perfomm
well im streams but not in lakes. In British Columbia, use of an
adfluvial stock in a large river failed, perhaps because fish emigrated
from the system {Gerry Cliver, British Columbiz Fish and Wildlife Branch,
personal communication}. An adfluvial population has failed tec develop
in Dworshalk Reservoir, where much of the drainage supports: strong resident
and fluwizl stocks (Bert Bowler, Idaho Department gf Fish and Game,
personal communicatlon). The gemetic basis of migratory behavior in
westzlope cutthroat trout is unknown. Specific and local  adaptation,
however, is well establiszhed in other fish. Maintenance of lccal
adaptation is 2 primary goel in coastal steelhezd mesnagement (ODFW 1986)
and has hses stromgly endorsed by cther £ish geneticists {Hapuscinskil
and Philipp 1988). Much of the total genetic wvariasbility in westslope
cutthroat trowt oCCcurs among. rather than within, populations (Leary et
al. 1987), suggesting that relatively strong differentiation exists among
populationg. The use of a genetically distinmct broodstock might hasten
the decline of szome depressed but locally adapted wild stocks. The
intensive introduction of other stocks can dilure the wild gene posl and
result in 2 logs of genetic variastion and ultimately survival {Rapuscinski
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and Philipp 1 Stock characteristics should be considered in
broodstock sel specifically designed toc evaluate the
genetic bLasis of life history patterns will be helpful. Whenever
possible., hatchery programs designed to augment or rebuild a
self-sustaining local population should be supported only by broodstocks
developed from the local stock (Kapuscinski and Philipp 1988).
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Idasho presently mainteins two westslope cutthroat trout broodstocks.

Both broodstocks have problems that make thelr use for supplementstion
of wild stocks guestionable. Heither broodstock is genetically pure.
Recent analysis indicates that the Clark Fork broodstock has about 0.312
intregression and the Fish Lake broodstock about 22 (Hormer =t al. 1987).
----- Hatchery -managers —also report phenotypic evidence of hybridization

in the Fish Lake stock (Rick Lowell, McCsll Hatchery, Idahe Fish and
Game, personal communication}. slthough fish from several wild
populations have been added at random intervals, infusion of wild material
has not been common or well documented. The majority of the founding
stock ceme from a hatchery-maintained run in Kimgs Lake, Washington, which
in turn was founded from fish out of Priest Lake in the 1%40s. The
present diversity of TIdahc's broodstock has not been documentsd, but
inbreeding and selection for captive performance is possible. The Clark
Fork broocdstock also suffers from chronic exposurs to IHN end BKD.

Current westslope cutthrest trout broodstocks pose some problems for
future menagement. The introduction of fish diseszses to new drazinages
poses & clesr risk snd viclaticn of Department policy. Use of heavily
introgressed gnd inbred fish is also of guestionable wvalus where our
intent is to re-establish wild cutthreoat trout production. We have
further argued that stock characteristics should be mzintained {(i.e.,
use of the local stock only) for supplementation of any important wild

population. The gemetic diversity snd purity and disease problems can
be solved within ocur curresnt system. The hatchery program has already
proposed to rebuild our broodstock with pure fish of broad genetic
origin in = disease-free station or brood lakes, Obviously it is not
possible toc develop a separate broodstock for every depressed populacion
we might wish to supplement. Economic and logistic constraints will limit
Idaho to one or two broodstock programs. Considering the genetic risks

and relatively poor performance of past hatchery programs, we suggest
that the existing Idaho -broodstocks or any new breoodsteock of broad
genetic origin {many contributing stocks) not be used for intensive
supplementation of depressed but still viable stocks. Froduction could be
used for limited experimental evaluations in viable populations but not
with the intent of restoring full seeding.

Current or future hatchery production should be used orimarilv for
the maintenance of fisheries requiring complete hatchery support, or
reintroduction of populations where mnatural wild recruitment offers no
potentizl to support or rebuild 2 wisble population. Broecdstocks with
iimited introgression are acceptable where hatchery programs will not
influence wild populations, but genmetic purity should be emphasized in
programs designed for supplementation or reintroduction of wild stocks.
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SummBry

Hztchery production of westslope cutthroat trout has been used to
supplement fisheries on wild stocks in attempis to accelerate recovery of
depressed populations and to establish or re-establish populaticons in
barren or reclaimed habitat. Benefits from supplemenzation in large lakes
have been marginal. Hatchery fish have produced substantiazl temporary
increases in the total popelation. Relatively poor or declining survival,
however, has resulted in modest catches and poor adult retdrns. Fast
programs did not appeay to be bicloglcally wviable.

~Substantial improvement in survival or more efficient use of hatchery
fish will be necessary to justify supplementation programs on large
lakes. MNew broodstocks should be considered, or at lezst compared, with
existing broodstocks. Without much better survival, the best use of
cutthreat supplementation may be through developing or publicizing
spatially and temporally isclated fisheries and by stocking smaller lakes,.
barren lakes, or lakes with few potential predators and competitors.
Mz intenance of an acceptable cutthroat fishing opportunity with
"put-and-grow”® and “put-and-tzake® stocking may be possible but has not
been demonstrated. Such programs will be most successful with a2 large
size at relesse and nc size limit in the fishery to minimize the time from
release to recruitment in the fishery.

Hge of hatchery cutthroat to re-zstablish viable populations is
possible but has not been demonstrated through a complete life cycle in
Idahc. Current efforts to accelerate recovery of cutthroat in Priest Lake
tributaries and re-establish genetically pure populations in HMontana
should be fully evalusted befcre any new large scale programs are
started. Further research should document the relative cost and benefits
of different size and life stages used in reintroductiom programs (i.e.,
are the best results obtained with egg, unfed fry, fed fry. or fingerling
releases?} and clearly compare the benefits of hatchery production to
natural recovery.

Care should be tzken tt maximize the genetic wvariability and purity
of broodstocks and to minimize selaction for hatchery performance. Wild
fish should be brought intc the broodstocks at regular intervals.
Specific adaptation and life history characteristics should be considered
in broodstock selectiom, but it is impossible to build a broodstock for
every system we might supplement. Broocdstocks of broad genetic crigin or
with measurable introgression should not be used to supplement important
wild populations. Hatchery oroduction sheould be used only for enhancement
research and for maintenance or reintroduction in systems where natursl
recrultment cannot support a viable population.
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HARAGEMENT - HARVEST REGULATIONS

Biclogicsl Results

Fishing can strongly influence westslope cutthroat trout
populetions. Cutthrost are more vulnersble to angling than other species
{Lewynsky 1985: MacPhee 1986), and as a result, zven limited effort can
depress populations (see mortality under Population Dynamics section).
Regulations designed to minimize fishing mortality heve hed dramstic
effects on populations and fisheries.

Initisl work on Kelly Creek and the St. Joe River showed that
catch-and-release regulations on all or pert of the population (minimum
size limit) resulted in increasing cutthroat numbers (Ball 1%7ie, 1%71hb:
Chapman et al. 1972, 1973: Bjiorman 1%73: Johnson and Bjormn 1978a;.
Following the inivial cheange on Eelly Creek, restrictive regulations were
imposed on a number of westslope cutthroat trout weters in Idaho, Montana,
and British Columbia (Table 7).

The most common regulations hsve been catch-and-reiease and minimum
gize limits (Table 7). Gear restrictioms (i.e., no beit) were usually
pert of the regulation. Other regulations include reduced bag, tributary
cilosure, salternate yeer or temperary closure, and shortened sessons.

Catch-and-release regulations were followed by & modest increase in
cutthroat number in the Middle Fork Sslmon River (Jeppson and Ball 1879).
Catch-and-relesse regulatione on Kelly Creek (Johnson and Bicrmn 19378},
Rock Creek, Montsne {Peters 1988), Big Creek (Anderson and Scully 1%88;,
Lochsa (Lindland 1982), and the Selwey (Lindland 1985) resulted in more
dramatic population changes. MNumbers of cutthroat increased 4 to 13 times
within 10 yesars {(Table 7). HRelative size structures shifted toward larger
{»300 mm) fish. Amngler c¢atch rates increased with numbers. in Kelly
Creek, estimates of total mortsality declined (Jchmnson and Bjornn 1678).
Similar results follcwed & 13-inch minimum size limit on the St. Joe River

{Johnson and Bjornn 1978), though large fish were not as prevalent as in
catch-and-release waters.

Bag restrictions heve not had cbvious effects on populations {Radford
1877: Johnson and Bjornn 1%78), but very restrictive limics (i.e., one
fish) have not been studied. - Closures have alsc produced population
incresses (Badford 1977; Thurow and Bjornn 1978: HMertin and Bell 1384
Lewynsky 1%86). Benefits te populations under closure, however, have been
short-lived when fishing was recpened {(Martin and EBell 19843, or when
habitat was degraded {(Apperscon et al., 1988;.
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Bestrictive regulations may be necessary o sustain most cutthroat
sopulations. Fishing sffort associatsd with overexpleiration on Kelly
Cresk, and the 5t. Joe, Lochsa, and Coeur d’alene River populations was
100 to 200 hikm {(Lewynsky 1988). Johnson and Biornn (1978) believed thar
without special regulations, thess populations would eventually have been
fished to extinction. Effort on less accessibls populatioms in Big Creek,
Middle Fork Salmon, and Selway might have bsen esven lower, Dbut stiil
resulted in deprassed populations. Recent effort on roaded sections of
the 3t. Joe and Cosur 4°Aleme rivers ranged from 500 to 1,300 h/km (Hornex
and Rieman 1283). Aress stocked with hatchery catchsbles can receive sven
higher pressurs. Cutthroat are still present throughout many large rivers
under general regulstions. Some cutthroszt may find refuge even in
isolated segments cof individusl streams that generally receive heavy
pressure (Thurcw and Bjormn 1978; Tim Cochnauey, "1dakd Department of Fish
and Game, personal communication). However, scme 1isolated populatiocns
accegssible only by air or trail show signs of significant declinme underx
general regulations {(Bert Bowler and Don Anderson. Idaho Department of
Fish and Game., personal communications)!. In the future, we may find it
difficult to maintain even these isclated stocks without some form of
regirictive harvest regulation.

Restrictions on cutthroat harvest have not always been effective.
Populations have uot respended or have responded weakly to regulation
changes on Teepee Cresk (Lewynsky 1986; Regiom 1,.. Idaho Departwment of Fish
and Game, unpublished data), the Coeur d'Alene Hiver (Lewynsky 19%86;,
North Fork Coeur d'Alens River (Lewynsky 1986), Priest Lake {Mauser et al.
1%88), and Hayden Lake. Reasons for regulaticom failures are not clear,
but explanations include angler noncompliance {Lewynsky 1986), habitat
loss (Hormer and Rieman 1%835; Msuser =t al. 1988}, inappropriate size
limit for existing growth and maturity (Horner and Rieman 1%83), and
excessive exploitation of fish that migrate out of river reaches under
special regulation (Horner et al. 1988: Apperson et a2l. 1988; Jim Lukens
and Jim Davis, Idaho Department of Fizh zand Game, persconal
compunications). Lewynsky (1%86&) suggested that cutthroat may be so
vulnerable to fishing that some populations could be overexploited sven

.under special regulations. Because a few anglers can remove a significant
part of the population, noncompliance or handling mortaliry might
represent excessive fishing mortaliry. Because fishing pressure typically
declines under special regulatioms, it is impossible to tell whether the
positive population responses {i.e., Kelly Creek, St. Jo®, Lochsa, etc.)
were the direct rasult of releasing fish or of reduced effor:t.

41l of the above mechanisms can have some role in failure of
regulations, but the ezxcessive vulnerability of cutthroat is important.
Cutthroat may become mere vulnerable at lower densities {(see Population
Dynamics secticn on exploitatien). I1f so, declining populations could

be fished to extinction {Johmson and Bjornm 1978). S5ome depresssd
populations might never recover under any regulation. Fishing mavy,
in effect, bhecome a predatcor trap (Peterman 1577). Sgme cutzhroat

populations may reguire complete closure to rebuild, while some mav never
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support any fishing at all. Gther populations that have increased
dramatically under special regulations could begin declining again as
fishing pressure increases in response to better fishing (Lewynsky 1586}.
Limited entry might even be necessary to maintain extrem=ly popular
cutthroat fisheries.

Suciclogical Results

KEegtrictive regulstions, even when they work, ¢sn creste some
problems. in all documented cases, fishing effort declimned or did mot

incresse 2§ im-adjscent -waters (Lewynsky 1988). . The. composition af
anglers hss alisc changed {Johnson and Bjormn 1978; Lewynsky 198€;.
Obvicusly, some anglers are displaced by new regulations. EReasons include

& reluctance to change gear {(Gordom 1970: Lewynsky 1978} and the cbvious
degire to harvest fish. Despite an incresse in numbers and size of fish,
the result can be 3 net loss in socizl and even economic value if some
segment cof the angling public is displaced {Lewynsky 1%86}.

Lewynsky (1986} argued that management goals behind special
regulztions have been poorly defined and often confused. The primary goal
mey be either rehabilitation of & populaestion or an incremse of fishing
opportunity. Some form of both are used, often together. If fishing
cpportunity is the primary goal, our management may be failing even when
populations and catch rates increase,. Results of regulations that are
not adoptable by the existing angling public can be noncompliance (znd
perhaps fszilure biclogically as well}, lost fishing opportumity, lost
license sales, increased exploitation of other waters, and lost agency
credibilitvy. In some cases, new regulaticns have incorporzted extensive
public involvement (Bjornn 1%875). Typically, some form of angler
preference is sought {(Bowler 1574; Horner and Rieman 1985:; Mauser et al.
is88;). These efforts are easily biased, however, and are often poorly
designed {Lewynsky 1986}. The trade-offs in social and economic values
and their implicatioms for management of westslope cutthrozt trout have
not been seriously studied.

The characteristics of westsliope cutthroat trout cregte a management
paradox. As a native wild stock, westsliope cubtthroat trout receive
management priority. They =are best suited to the relatively sterile
waters of their range, z2nd no other species offers a more productive
alternative, short of hatchery catchables. Cutthroat are easily caught
and are preferred by many anglers. Populations cannot support heavy
pressure, however, and very vestrictive regulatioms are, or will be,
necessary to maintain most strong populations.

Regulatione designed to protect cutthroat can displace anglers and
eliminate other fishing opportunity. (Unless we find new alternatives,
managers are faced with the choice o©f either allowing many cutthroat
stocks to disappear or of restricting angling opportunity. Efforts to
manage cutthroat can conflict with management of other stocks. ERainbow
trout and osther species are less vulnerable and can support higher
effort. Use of hatchery fish oftenm results im very high effort. Effort
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supported by hatchery cauchables could overexplolt westslope cutthroat
trout {(Petrosky 1284}, Migxed.stock management £avoring cutthroat can
regult in gear restrictions, underutilization of other fisheries, and
thus, lost opportunity.

Menasgement Alternatives

Cutthroat-specific regulstions have been Iimplemented ip Idaho’s
Region 1. It is not clear, however, whether this type of regulation is
workable. Walch and Mauser {1576} chought anglers could essily
differentists rainbow trout and cutthroat trout while Biommm (19735 felt
they could not. Anglers unsure of species identification might again be
displaced. Complex regulations could again alienate some anglers and
affect agency credibility, especially if regulatiomns fail. Extensive
apgler education maey be necessary to insure proper identification.
understanding of regulstions, and compliance. Even with public
scceptance, hooking and handling mortality could be sxcessive without gear
restrictions.

Gther alternatives for management of wild cutthroat have not heen
clesrly evaluated. Alternatives that provide gsome consumptive opportunity
might include the following:

1. Stream or lake zoning. Special regulations in Idaho typically involve
a major (>40 km) part of 2 river cor drainage basin. Much smaller
aress have often been used in other states {(Lewwnsky 1%886). Smaller
regulation areas could be focused om the most productive, least
accessible, or mest critical habitacs. A diversity of management
areag could provide a diversity of angling oppertunity and reduce
displacement and noncompliance. Such regulations c¢ould work only
where fish movement i3 restricted and predictable and angler education
iz possible. Special regulation aress could add some angling
diversity where local cutthzoat populations persist in an otherwise
depressed drainage. Russ Kiefer (Idaho Fish and Game, peéersonal
copmpanication) believes some tributaries of the Scuth Fork Clearwater
offer such potential.

Persistence of cutthroat in isclated reaches or areass <f otherwise
hesvily fished gystems (i.e., Upper Priest Lake, upper St. Joe, upper
Marble Creek, Wolf Lodge Bay of Coeur d°Alene Lake) suggests that such
an altermacive can work.

2. Ome-fish bag limit. Bag iimite wusually have little influence on
harvest, but very low bag limizs have neot been evaluated. A one-fish
limit probably would not sustain a strong populationm but might at

least sllow some populations to persist. Evaluation of new bag limi:ts

in Region 1 are, unfortunately, confounded by new size and season
reatrictions.

el
w3



[

Rotational closure. Managers in British Columbia considered =
systemaric closure {(for one toc two vears) of half the streams in a
drainage (Al Martin, British Columbia Fisheries Branch, personal
communication). After evalusting a single stream, they concliuded that
the steockpiling from 2 short closure was guickly eliminated in the
first year of fishimg (Martin and Bell 1%84). The approach will not
allow maintenance of “gquality" fishing. it might provide encugh
protection, howsver, to at lesst meaintainm populations that would
otherwise be eliminated.

£

Public snd angler education. An intensive program of public sducation
could improve the recognition of westslope cutthreoat trout from other

Education might alsoc build the intrinsic value some £ind in
ecologically distinct and unigue species. Public recognition of
westslope cutthroat trout as a species of special concern might be
more effective in encouraging nonconsumptive fishing than regulations

alone, particulsrly where mixed-stock management iz necessary. That
recognition might alsc build public support feor better habitat
mansgement .

Methods of Evaluating Regulations

Status and chenges in cutthroat populations heve been described with
8 variety of methods. Typical spproaches include momitoring project catch
rates {(i.e., Bowler 1%74: Johnson 1977; Johnson and Biornn 1978a:; Lindland
1982;: Anderson and Scully 1988), snorkel index transects {(i.e., Chapman et
al. 1973; Bowler 1974:; Lewynsky 1986), snorkel estimates of absolute
shundance (i.e., Thurow 19835, and size structure of the catch or
population {as estimsted from snorkeling and hook-and-line sampling).

4lthough the methods seem straightforward, they have not been clearly
standardized or evaluated. Data are not reported in a consistent fashion

among. projects, or even within long-term monitoring programs. We found it
difficult tc compare estimates in single systems over time or among
systems. Snorkel counts, for example, may be expressed by transect, by
transect length, by snorkeler, or by surface area. Methods are seldom
described or referenced in monitoring or inventory projects. They can
include one or two spnorkelers, counting upstream or downstream, in
counting lanes, or in random searching patterns. Transects are <ither

fixed and replicated annuslly, or randomly selected by habitat type or
stream reach.

The accuracy of different methoeds is a concern. Statistical
considerations were rarely reported. Snorkel counts can vary dramatically
within 2 season (Lewynsky 1986 Idahc Fish and Game, unpublished data for
the 35t. Joe and Coeur d'Aleme and Middle Fork Sslmon rivers)., among
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seasons {idaho Deparztment of Fish and Game, Region 1, unpublished data;
Don Peters, Montans Department of Fish, Wiidiife, and Parks, personal
compunication}, and with environmental conditioms. Catch’ rate data are
often stromgly bilased {Lewynsky 1986&) and highly wvariable (Parkinson st
al. 1988). Without approprizte replication and analysis, our results can
be useless to detect anything but lomg-term trends or dramatic population
responses. This cam pose z problem for managemsnt where evaluation of
regulations reguires decisions on shorter time frames. For example, the
Coeur d Alene River management proposal committed the Department to
re-evaluation of regulations at five years. Without some understanding of
sampling and population warisbility, we may not conclude whether the
population is pot reyponding, or responding as might be expected. given
environmental limitation (see Population Dynamics). ¥We might not make an
important distinction about failure in the program because of problems
with the regulation and/cr noncompliance, or severe habitat degradation.

Standardized methods and preservation of data could help future
cutthroat evaluations. Lewynsky (1986) provides z good example of
experimental design and discussion of sawpling limitaticons. Parkinson et
al. (1988) presents a standard approach te sample alleocation and
consideration of detectable changes. Chapman et al. (1973} and Lewynsky
{1986) describe snorkel techniques for Iindex coumts, and {Scully
unpublished) describes methods for absolute estimetes.

We suggest that in the future all estimetes should be made on an
areal (fish/10C m%) basis. A consistent reporting format would ailow
comparison of densities among populations and perhaps the development of
realistic seeding goals. In some cases, bias may exist in the total
estimates because of difficulty in sampling the entire stream. Hethods
can be adjusted to compensate for known bias, however, and typically
errcrs are relatively small if sampling conditions are gocd (Rohrer
198%). Ewven if bias iz significant, the errors should be systematic zand
consistent within a particular stream and should provide the same results
for monitoring long-term trends as index counts. Momitoring data should
alse be recorded on a standardized and available data base. In many cases
all of the data for a single population were noct available in a singils
document, making the analysis <f population responses or tremds difficult
or impossible for anyone but the “keepers of the data.” As personnel
change, we face a real risk of lost or inconsistent data. The River’s
Data Base provides an essily accessible and appropriate format for
westsiope cutthroat trout data. The anadromous parr monitoring work (C.
Pecrosky and R. Scully, Idahce Department <f Fish and Game, perscnal
communications) is an excellent example of the maintsnance and application
of such information. All regsarch and management projects that sample
westslope cutthroat frout should make a regular summary of results on the
data base a3 priority. Hinimum datz should include:

1. Stream reach - identified by EPA rsach number

2. Transect identification
3. trepm width
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f Transect surface area -

5. Total cutthroat number -

6. MNumber by appropriate size groups - {(we suggest <100 mm, 100-300 mm,
and >300 mm

. Habitat tvpes

8. Gradient zone.

Information on other species and hebitat characteristics could alseo
be waluasble. The "core dats® set outlimed by Petrosky and Holubetz (198%)
could be Iincorporated in all sampling with litcle additionsl effort.
Comparison of cutthreoat densities among streams can provide useful

perspective sbout the status and potential of & given stream. Several
biologists in Idahg strongly urged 2 summary of existing westslope
cutthroat density estimates as part of this report. As we’'ve just
discugssed, inconsistent methods and reporting procedures iimir the use of
much of the existing information. Several streams have Deen censused in
consistent fashion, however, and some index counts have been extrapolated
to density estimetes (Table 8). Avgilable estimstes are for mainstem

rivers or major tributaries and could be considered representative of
holding sreas for subsdult and adult {(>age 2Z) fish. The highest densities
were in streams under catch and relesse regulations with relatively
prisvine habitat and may approach the potential of these systems.

Management Experiments

All new regulstions are reasally meEnagement experiments.
Catch-and-release regulaetions on the Coeur d'Alene River were conceived ag
an experiment to test whether habitat or fishing limicaticons were more
important {Horner and Rieman 1983). Unfortunately, poor respenses in some
areas may still be confounded by angler noncompliance, and/or by
exploitation of migrating fish outside the regulation area (Horner et al.
lags) . We may never be able fo estimate noncompliznce mortazlities or
habitat relationships precisely encugh to conclude what is reaily
regulating or limiting a population, Projects designed to provide the

estimates may be expensive and long-teom. A simple closure experiment
similar toc that evaluated by Lewynsky (1586} could provide answers far
more efficiently. New management should comsider similar experiments

wherever several factors mey confound 2 population response. Such an
approach might be uwsed to determine whether downriver fishing on winter
aggregations is a significant limitation on adfluvial cutthrozt in the
Middle Fork Balmon and Coeur d’Alene rivers. it could be used to
determine whether habitat reaslly limits cutthreat in the Cosur d'aAlene
River, or whether any peopulation has the compensatory reserve to respond
to fishing regulatioms.
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Table 8, Densities of westsliope cutthroar trout inm Idaho streams and
rivers, estimated from snorkeling or approximated from
snorkel trend counts. Approximations assumed that trend
counts actually represesnted complete counts, and used
approximats stream widths and measured transect lengths to
estimate tramsect area. Coumts represent primsrily age 2 or
older cutthroat znd should De representative of holding area
for subaduit and adult fish. All streams with the exception
of the Little HN. Fork Cleazrweter zre under speciszl
regulationsg.

Approximated
Density
Water (fish/100 m?) Scurce

Lochsa Riverl 0.5=0.8 Bert Bowler, Regiom Z

Seiway Riverl L.8=2.2 Bert Bowler, Regicm 2

Cayuse Creek? 1.3=7.0 Bert Bowler, Regiom 2

Little Nerth Fork Clearwater R.1 0.3=0.6 Bert Bowler, Regionm 2

St. Joe River~ 4.4 Charlie Petrosky

Middle Fork Salmen R.Z 0.2-0.5 Jim Lukens, Saimon

Middle Fork Salmon Tribs.2 0.5-7.0 Jim Lukens, Salmon

BEig Creek (Middle Fork Salmon}? 0.5 Scully and Anderson 1%8%

~approximations expanded from trend data.
Densities estimated by routine snorkel methods.
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SUBIMBTY

Because cutthrozt ave very vulnerable to fishing, regulation of

harvest iz an imporitant management tool. With increassing fishing effort
and declining habitat, few, if any, populations will persist without
apecial regulations. In some cases, limited entry might be necessary io

majintain very populsr fisheries.

The failure of some regulsticns shows that our understanding of
cutthroet population dynamics and sngler dynamice is Iincomplete. Failures
ren be costly, resulting in lost populations, lost £ishing onportunity,
end lost credibiliry with the public. Better information on cutthroat
Tpeptlacion “regulavion could-tead - teo—betrer-prediction -of--populaticn
response (see section on Population Dynamics). Predictions wiil always be
ancertain, however. Recpgnition of new regulations and evaluaticns as
management experiments could reduce the time necessary to understand

population limitatioms.

Better understanding of scociological trade-cffs is necessary to
gliocate resources and minimize comnflicts. Sociclogical research has been
beyond the scope of most fish and game management. New work will be
necessary to determine whether new reguletions can really increase fishing
opportunity or other management goals. Manegement gosls must be more
ciearly defined. Some meassure of net benefit among all amglers is
necessary.

Managers are faced with difficult decisions of eliminsting soms
fishing cpportunity, eliminsting some wild populations, or developing new
management alternatives. MNew alternatives include zoning, very restricted
{1 fish; bag, rotational closure, and intensive aducation.

Methods of evaluating regulations are not standardized, and
limivations of date are poorly documented. Consistent collection and
presentation of data and considerstion of the precision and bias in
results will help future evaluastioms. A1l data should be summarized on
consistent and readily accessible daca base.

ROFI078JP iV



DISCUSSION AND CONCLUSIONS

Westslope cutthrcat trout provide a unigue and wvaluable fishery
resource for northern-central Idano. Adaptation to a relatively sterile
snd harsh environment make them better suited than many other species.
Vulnerability to anglers makes them readily available. We believe that
westslope cutthroat trout represent an impertant menagement alternative in
many Idahe waters, asnd che only alcernative in some. As the dominant
native wilild trout in anorthern Idaho, westslope cutthroat trout represent
important intrimsic and ecological values, and sre glven management
pricrity through Department pclicy. Recognitionm as 2z species of special
concern -and- indicator -species -make them an important and politically
sensitive envirommental bharometer.

Westslope cutthroat trout have net fared well throughout the native
range. Most stocks have declined dramatically, though some have recovered
under recent management. The bioclogical znd related fishery prcblems are
complex, and in some cases, poorly understcoed. We find clear evidence,
however, that pcopulations can be strongly influenced by oversxploitation,
habitac degradation, and genetic introgression. FPredation and competition
might alsc be important. To 2ffectively manage westslope cutthroat trout,
managers must minimize the effects of each facter. That can be done, hut
clearly the potential toc manage cutthroat is limited throughour much
{mosz?) of the historic range.

Restrictive regulations have worked effectively on some waters whevrs
suitable habitar is svailable, and population declines are tied only to
fishing. Regulations have crested social conflict and displaced scme
anglers. In some waters, restriction of harvest and angling method is
presently unacceptable to much of the public. Restrictive regulations
have and will be ineffective im reducing harvest in some cases because of
noncompliance. Restrictive regulations may restore populations in other
areas but at the cost of lost angler participation. Restrictive
regulations will be most successful where anglers support wild trout
management and where populations are not strongly influenced by other
factors.

With increasing effort and improving access to all waters, special
regulaticons will be nscessary to maintain amny population.
Catch-and-release fishing has been the most effective regulation.
Catch-and-release may be the best option for most wasters, but other
zalternatives should be evaluated where some harvest opportunity seems
important. Alternatives should include very restrictive bag limits
(1 £ish} and stream zoning. In "mixed-stock"™ waters, new alternatives
are necessary to nminimize soclial confliict and lost opportunity,
Species-specific regulations are unproven and should be carefully
evaluated. Bacause no regulations srve likely to be effective without
public support, angler and public education should be 3 major emphasis
futu-e management. Better complisnce anmd protecticon of populations ¢
probably be achieved by building public awaremess and support for
westslope cutthroat trout than through regulation alone.

g
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Habitat degradation has been extensive and will undoubtedly
coptinue. Restoration of habitat through natural recowery is possible.
Habitat might be enhanced through use of artificiel structures, but we
find no evidence to support such & conclusion. The extensive migration of
some populations and cur poor understanding of habitat relationships mean
thet meintenance of diverse habitats or whole systems is the best hedge
for maintenance of populstions.

We do not understend the relationship between land use and lost
stream capacity or stock resiliemce. VWe believe it is clear, however,
thet any chenge in stresm complexity and sediment load represents an
important risk. In priority westslope cutthroat trout waters, we should
strongly -oppose.—any. development resulting in those changes. Wilderness
mansgement obviously provides the best alternative for minimizing habitat
loss. A wilderness designation sheould be strongly supported wherever
westslope cutthroat trout are the fisheries management prioric
Development is unavoidable in meny drainages. In those cases, special
emphasis should be placed on the protection of small tributaries that may
serve ms trout spawning and early rearing aress, snd a&s storage areas for
sediment.

Because we cannot clesrly demonstrate the loss in fisheries potential
with land use, fishery managers have had a2 difficult time influemcing land
use decisions. Useful relatiomnships between land use and fish habitat
characteristics have been developed for streams on the Idaho Batholith.
Similar models should be developed for streams in belt geology.
Relationships between habitst charscteristics and resulting £ish
populations or potential populsticns have not been clearly shown in the
wild in sny geologic type. Research demomstrating links betwsen habitat
end fishery potential, or directly between land use and f{ishery potential,
should be a priority.

Interaction with other fish is common and will continue throughout
the range. ©Genetic introgression, competition and predation are often
aggravated by our attempts to diversify fishing opportunities cor increase
yields. Introgression is common throughout the range and is probably mest
important where non-native rainbow trout have been heavily stocked,
primerily through "cstchsble” programs. We should expect hybridization in
headwater ar2as where rainbow trout or Henrys Lake cutthrost trout have
been used in mountain lakes. Introgression could represent s serious loss
of genetic wvarietion and the performance of wild stocks. A policy of no
introduction of other trout should be emphasized in =211 waters whers
wastslope cutthrost trout are the pricrity. Where hatchery catchable
introductions are likely to overlap with important westslope cutthroat
trout populastions, we should consider the use of sterile or fall spawning
rainbow trout, or domesticsted westslope cutthroat trout. A genetlic
inventory should be completed for 2ll importsnt westslope cutthroat trout
populations. Initial genmetic information weould identify populations with
the best potential for management and provide 2z baseline to monitor
introgression in important stocks.
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Interaction with other species has probably been most important with
zdfluvial, and perhaps some fluvial, westslope cutthroat trout stocks.
The establishment of potential predators and compestitors has been most
common in lakes. Introduced rainbow troutr typically become established in
the lower reaches of z drainage, and “catchable® stockings are often
heaviest along the mest accessible and heavily used main stem areas.
Kokanee have been introduced, have flourished and are intsnsively managed
in most lakes. Habitze losses and development that can meke cutthroat
more vulnerable to negetive interactions are also common inm lower
elevation and more populsted areas. Rehabilitation of adfluwial westslope
cutthroat trout will be extremely difficult. Haintsnance or restoration
of adfluvial cutthroat populations should bhe emphasized on smeil barren
lakes or those with few potential predators or competitors.

If we can deal with the problems of exploitation, habitat, and
interaction with other fishes, restoraticon of depressed or remnant
westslope cutthroat trout populations and £isheries may be possible

in some parts of the range. Reintroduction with hatchery-produced
fingerlings has not been effective. Stocking of hatchery £ry has
established some rearing fish. We have not shown that fry stockings

produce fish theat survive to adult or that stocking can rebuild a
pepulation faster than natural production. Maintenance of a fishery
through indefinite stocking may be possible but again has not been
demonstrated in large lakes. Failures in hatchery programs could be the
result of an overly domesticated broocdstock, inappropriate size and time
of release, or predation and competition. Future work with hatchery £ish
should focus om the development of a2 new hroodstock. Fingerling rzlease
programs should test the performance of larger fiskh, amd fry stocking

programs should evaluate performance cof fed versus unfed fry. Fry
stocking should be limited to reintroduction pregrams and maintenance
of mountain lakes. Fry stocking should be made omly in barren or

reclaimed streams. Fingerling pregrams should be experimental only,
until acceptable returns can be shown. Fingerling production should
be restricted to smell lakes (less tham 2,000 ha) where limited numbers
will have the greatest benefit and will be easiest to detect. Stocking
should be limited to barren or reclaimed lzkes, or those with few
potential predators and competitors, umtil acceptable returns can be shown
in larger lakes.

Hatchery programs based on broodstocks of broad geocgraphic origin,
limited genetic diversity, or with significant introgression might
actually reduce the diversity or fitness of locally adapted but depressed
wild stocks. Hatchery supplementation should not be used in any wild
stock that has the potential to recover nsturally.

In some cases, westslope cutthroat trout populations have fai

iled
to respond to management, or have responded at a level lower than
anticipated. In most cases, we cannot determine whether the gpoor
performance 1is due to Iinappropriate management (wrong regulation,
inappropriate broodstock), or some other environmental {inadequate
habitat, competition, predation) or social (noncompliance, increasing
effors) constraint. Sur knowledge of population dynamics, habitae
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relationships and anglevys is teoo limited to sort out all of che
confounding interactions and effects. In some cases, our understanding of
westslope cutthrost trout systems might progress faster with large sczale
experimental management. For example, we have evaluated special
regulations on the Coeur d'Aleme Fiver for 15 years. We ars still unsure
whether poor response in the population is due %o angler noncompliance,
overharvest of migrants outside regulsted secticns, or inadequsate
hakiter. - The potential for the population to respond or the effect of
downstream hervest could be conclusively tested by closing key areas to
fishing for seversl years. Although closure may be politicelly semsitive,
information gain and ultimstely better or more reelistic manasgement of a
system could occur much faster. The resulting bemefits to the angling

research.

Any management must rely on an ability to menitor populations.
Present methods provide trenmd date that are useful in individual systems.
Deta can be highly varisble, however, and may be strongly influenced by
environmental conditions and time of year. Monitering targeted for other
species alsg may not accurately represent westslope cutthroat trout
pepulations, Date typically are not comparable among systems, and
densities representative of strong or depressed populations are not
clearly defined. We should develop standardized metheds for monitoring
populations throughout Idaho. Densities should be expressed on an areal
basis, and stratification by habitat type and time of vear should be
clegrly defimed. All avsilable data should be summarized on the River's
Datz Base to facilitate long-term monitoring and comparison among
populations.

Clearly., stropng westslope cutthroat trout populations or fisheries
cannot be maintained throughout the historic range. We believe further
loss of stromg populatiocns, however, represents an important loss of
fishing opportuenity, of gemetic wvaristion, and of the intrinsic,
ecological and political value of native wild populations. We suggest the
first priority for management of westslope cutthrost trout should be
meintenance of existing strong populations. Every effort should be made

-to contrel exploitetion, habitat loes and genetic introgression in those
‘waters. In the remaining "strongholds®, management of other species

gshould be secondary to that of westslope cutthreoat trout.

In other aress, management of westslope cutthrost trout will require
scme difficult decisions. DMenagers must weigh the loss of native wild
populations ageinst the socisl conflice, lest fishing opportunity, and
economic cost of mixed-stock or intensive management. Current policy
dictates thaet, "Hative wild stocks of resident trout will receive prioricy
consideration inm all management decisionsg involving resident f£ish.”
Seversl mansgers feel further policy directionm is necessary to guide
decisions where wild westslope cutthroat frout management is in conflict
with other programs. At what point do we give up on the native stock?
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Current discussicns within the Department suggest that the po

int
of decision should De when we can no longer expect a fishery for westslope
cutthroat £0 persist or bscome available In the future as a result of our

mapagement (i.e., complete closure is not an optiom if it will not lead
eventually to a fishery). The problem is that in many cases we are
not able to predice the wiability of populaztions or fisheries with anvy
certainty. Managers still carry the burden of “pulling the plug on the
‘pative stock” when it might seill persist. We encourzge fishery managers
and biclogists with ezperience in, and responsibilicy for, westslicpe
cutthroat trcut management to work together to develsp specific and
chiective criteria for this decisien.

We gsuggsest two alternatives for management of cutthroat outside
existing strongholds. “The first would continue -management or restoration
attempts of cutthroat om a priority basis. This altermative should be
restricted to waters where mixed stock management is not important, where
special regulations are socially acceptable and where habitat is tzhought
to be gocd emough to maint2in fishable populations. This type of
management need not De restricted to large river systems. it could

o

incorporate single streams, or sections of streams and lakes, where
localized populatioms pergist. Maintenance of isolated "cutthroat waters”
could provide an important diversity in angling cpportunity.

The second alternative would make cutthroat management secondary to
other programs. In Mmany cases, the extinction of populaticms will occur.
With further development, hatchery programs could support limited
fisheries and provide some angling diversity. but should not be expected
to rebuild populaticms. Species-specific regulaticons might alsc be used
to sustain remnant populations. We belisve, however, zhat regularions
zlone will not protect depressed or remmant populaticons either because of
angler noncomplisnce or misidentification. An angler education program
might provide better success. We suggest that public education
emphasizing the unique characteristics of cutchroat idenmtification and
proper handling and release of fish should he part of any species-specific
regulation, or should be used in place of restrictive regulations in
secondary-priority waters. Becauge of the confusicn with compiex
regulations, and potential frustrationm zmong anglers, a cutthroat
educaticn program might actually provide bhetter protection for depressed
or remnant stocks and better credibility with the public than
species-specific regulatioms.

Adfluvial westslope cutthrost trout populztions in the large northermn
Idaho lakes will be the most difficult to restore. Loss of existing
poepulations may mean the loss of unique characteristics and genetic
wvariatiom. Other populations could be sstablished in other lakes that are
more suitable. Some of the Stanley Basin lakes, or other lakes and
reservolrs in the Idshe Batholith. could hbe candidates for a “gene
banking” program.
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