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Abstract
Fish asscmblages inregfate physicrl rnd chemical habitat condilions and are used to e\'rlurte the condilion of\later re,ioLuces nr

the Pacilic N orthwest. To frc il itate s uch c valuation s. \\' e c la\s ilied .ach of ihe I 3 2 fr eshwater lish spccics known lo occur in the

Paciiic North$esr (ldaho, Ofegon, washingtonl b], it,r ofigin. o\erall pdlulion tolerance. .rdult habilal. aduh iicding. and \\'atef

temperarure prcfcrcnce. ReconnneDdations lionl rcgional fishery experls- publishcd lilerature, and $e rggregalc cxpcrience of

the authors $er€ uscd lC) classil_v species. The ,lllributc classifications were rcsporsj!c to hunran di\tufbance of uquatic habitats

\l''hen rpplied to lish .rsscnrblages sampled from throughout rhe region. Our attribute classiiication offish species promo|es usc oi
fish assemblages to c!aluate varer fe$urce condirions rcgionally and fosters greatcr acccptance ofbiobgical measurcs oJ watcr

lntroduction

The use of fish assemblages for assessing water
quality is in responsc to nandates of the Clean
Water Ac1 (Water Enyironrnent Federation l997)
requidng States to restore and naintain biologi-
cal intcgrity. The U.S. Environmental Protection
Agency (USEPA) reconmends that States do this
by devcloping narlative and numcric biological
critcria (USEPA 1990, Gibson 1996). To date,
north*estern states have developed only narla-
tive biokrgical criteria. For example, ill the vast
majority ofstreams in thc Pacitlc Nofihwest, state
statutes call for protection of "benellcial uses"
of water. such as salmonid spawning. cold watcr
biota, or no detfimental changes in biological com
nrunities (ldaho Department of Health and Wel-
fare 1993, Oregon Secretary ofState l998.Wash-
ington Adnrinistrative Code 1997). Previously.
however. not all fieshwatcr fish species of the
PuL i t l .  N , ' r thue. t  uc rec lus . i l i e . l  h5  mel r i cscom
monly lbund usef'ul for quantitatively evaluating
attainmcnt of beneficial uses and biological in
tegrit), (e.g., as described by Yoder and Rankin
lqa8. l .  In  L lJ i t i , ' n .  lhc re  wcre  incon\ i . len l  me l -
l ic classitications for the sane species in drain

ages shared by multiple states, hindering intcr-
state assessments and regional collaboration.
Because of high public and economic interest in
these resourccs, USEPA support tbr quantitative
biocriteria, and the interstate ranges of manl' of
the fish species. there is clearly a need to develop
more effective asscssment tools to evaluate Pa-
citic Northwcst water bodies using their fish as-
semblages.

Fish assemblages have proven useful to de
scribe and assess biological condition ofspecific
waters in thc Pacific Northwest (Hughes and
Ganrmon 1987, Fisher 1989, Friesen and Ward
1996, Marct et al. l997, Hughes et al. 1998).This
is because fish are integrators of water resourcc
conditions, and intbrnrtrtion about thet stucture
and |unction may be used to assess these condi-
tions (Li st al. 1987). Specifically, t ish assem
bluges  r re  use iu l  in  evr lua t inp  b i i ) l i c  in lcgr i l ) .
defined as "the ability ofan aquatic ecosystem to
suppoftand maintain a balanced, integratcd, adap-
t i re  iommuni ty  o I  o rgrn i 'm.  h r \ ing  J  .puc ie \
composition comparable to that of the natural
habitats within a region" ( Frey 1977, Kan and
Dud ley  1981) .
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According to Karr er al. ( 1986), the capabii ity
offish assemblages to accurately reflect environ-
mental quality lies in their integration offive major
tactors that determine the condition of a water
rcsource. These factors include hydrology, water
quality, biological intcractions, physical habirar
structure, and energy resources. Because fish as
semblages integmte these characteristics of their
environments, they are useful tirr evaluating thc
cflects of human actiyities on particular sites or.
across entire regions (Kan l98l ).

Assessments of biolic integrity have typically
included classes of attributes or metrics describ-
ing species richness. species composition. tophic
struclure. fish abundancc. andfish condition (Miller
et al. 1988, Hughes and Noss 1992. Simon and
Lyons 1995. Sirrron 1998). Each metric reflecrs
the quality of a different aspect ofthc fish assem-
blage that responds in a dillerent manner to aquatic
ecosystem stressors. The index of biotic integ-
rity (lBI). f irst lbrmulated by Kan (1981), com-
bines these metrics into an index ofwarer resource
condition. Recent applications summarized in
Simon (1998) have showo thathe IBI concepr is
widely adaptable. but metrics must be modified,
deleted. or added to rcflect regional diflerences
in tish distribution and assemblagc strxcture.

Fish assemblage attributes such as origin (na
tive or alicn), overall tolerance to pollution. habitat
and tenperature prefcrences. and tlophic struc-
ture have been found responsive to human dis
turbance (Hughes and Camnon 1987, Simon and
Lyons 1995, Kan and Chu 1999) and useful in
evaluating biotic inregrity (Miller et al. 1988.
Chandler et al. 1993. Yoder and Rankin 1998).
HumaD disturbance can increase taxa richness in
cold water streams (Lyons et al. 1996. Maret lggT)
as cool and warm water species invade where water
tempemturc regimes have bcen altered by such
activitics as agricuJture. logging and urban de
velopmenl. Highly altered aquatic habitats are
pafiiculi ir ly vulnerable to invasion by alien (in-
troduced. non native. exotic) species (Moyle and
Nichols 1973, Holden and Statnaker lgl5.Leidy
and F ied le r  1985,  Moy le  1986.  Hughes and
Gammon 1987). The percentage of individuals
that are alien reflects biological pollution, u'hich
has usually been less reversible than chemical and
physical disturbance (Hughes er al. 1998): it was
the second most con-lmonly cited cause of tish
specles extinction afier physical habitat change
(Mil1er et al. 1988). Likewise. the proportion of
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tolerant. warmwater adapted individuals tends to
increase as a result of habitat degradation and/or
water quallty degradation of coldwarcr srreams
(Lyons et al. 1996. Maret 1997).

Chunge.  in  rhe  b io l i c  in tcpr i l )  r , f  \ l r cc rn \  ( .an
be expressed by the trophic composition of the
fish assenrblage. For exanrple. organic pollution
entering streams alters food sourccs, resulting in
changes to the trophic shrcture of fish assem-
blages (Kan et al. 1986). These enriched condi
tions favor tolerant omnivorous individuals that
adapt easily to disrupted food sources. The pro
porlion ofomnivores (primarily common carp and
some catostomid specics) increases with human
disturbance iD westem rivers (Hughes and
Gammon 1987, Maret 1997).

The propor r i rn  o f  rnJ i r idur ls  occup l ing  I
pa icular habitar rype is useful fbr evaluating the
effects ofaltered physical habitar (KarI et al. 1986).
For example, the number of native "hider,' spe-
cies, which are commonly found in substrate in-
terstices or among macrophytes or organic de-
bris, tends to decline with habitat disturbance
(Hughes et al. 1998). The number of small benthic
dwelling species (sculpins and dace), large benthic
species (suckers), or both have been recomrnendcd
as indicators of biotic integrity (Karr et al. I 986,
Hughes and Gammon i987). Other benthic spe
cies metrics such as number ofcottid age classes
nay prolide useful information as well.

Although it is not our intent to develop a
multimetric index in this paper, an essential slcp
ln the development process is publication of metric
classifications tbr the fish species in this region
for widespread review and comment. This typc
of fish species information previously has been
rnconsrstent and separately located. Our goal is
to providc a single infomation source so sclen-
tists can tnore eftectively use fish assemblage
infirrrnation in their assessments of the condition
ofsurlace waters. We offerconsistent species clas-
sitlcations that are applicable to surveys across
the Pacific Northwest, large portions ofits states.
or at site and wate$hed scales.

Methods

We compiled a list of freshwater fish species known
to occur in Idaho. Oregon, and Washington liom
species descriptions by Bond (1963. 1913,1994),
Scot t  and Crossman ( l973) .  Moy le  (1976) .
Wydoski and Whitney (1979). Lee et al. (1980),



Simpson and Wallace ( 1982), McPhail and Lindsey
(1986), Mincklel, et al. ( 1986), Siglcr and Sigler
(1987, 1996), Robins et al. ( 1991), Behnke (1992).
Moseley and Groves ( 1992), Mongil lo ( 1993),
Mongil lo and Hallock (1995). ard the Washing
ton Depanment of Natural Resources (l997). A
number o[ estuarine anLl hrleki.h \\rler \per ie\
were also listed if commonly found in frcshwa
ter lish collections. We used the scientific and
common names of specics as listed by Robins et
a t .  (1991) .

A  \e t  o I  a t t r ibu le \  he l ie red  responr i re  t , '  o r
indicative of human disturbance was selected.
Additionally, these attributes werc assumed to
reflect either biological processes or cntena con-
tained in state water quality standards. Wc based
our species classifications on the accouDts trom
the authors cited in the preceding paragraph, plus
Carfander (1969, 1971). National Academy of
Sc iences  and Nut ion l l  Ac ldeml  o l  Eng ineer ing
(1972), Minckley (1973), Pfl ieger (1975), Coutant
( | 977), Hokanson ( I 977), Trautman ( 198 I ), Becker
(1983), Snith ( 1985), Woodling (1985), Coutenay
et al. (1986), Ohio Environmental Protection
Agency (1987), Bond et al. (1988), Robison and
Buchanan (1988). Page and Bun (1991), Rinne
and Minckley (1991), LaRivers (1994), Baxter
and Stune t lqq5 ). and our aEgregate erperien,. e.
The personal observations of the authors and re-
viewen were uscd in instances whcre soLlrces
disagreed on aparticular specics classification or
if no information was available.

Each Pacific Northwest lieshwater tlsh spc-
cies was classified as either native or allen on a
: ' la le  by  5 la te  ha \ i \ .  \ \e  de f ined nJ I i \e  \pec ics  c .
those believed to have been present in the statc
p or to European settlement. Alien species \\,erc
those that are introduccd through human inter-
vention in a given state or in the reglon.

We classificd the overall pollution tolerance
of species as sensitive (S), tolerant (T). or inter-
mediate ([). Sensitive specics werc those that tend
to either disappear or are greatly rcduced in as-
sociation with human disturbances (Karr ct al.
l9E6). These species are t),pically intolerant ol
siltation, turbidity, increased \e'atcr temperature,
and lowered dissolved oxygen and tcnd to be re-
placed by intermediate and tolerilnt spccies. We
defined tolerant species as tishes that tend to in-
crease in abundance with human dislurbances.
particularly in relation to increased siltation, tur-
bidity. ancl water temperrture. and lowered con-

centrations ofdissolved oxygen. Species that tend
to be neither tolerant nor sensitive to incrcased
siltltion, turbidity, temperature. or lowered dis-
solved oxygen, bul are typically replaced by tol
erant species in those situations, were considered
intermediate. Species classilied as having inter
mediate tolerance are unlikely to be useful indi-
cators in highly disturbed waters with very poQr
water quality. However. where the disturbrnce is
Iimited to moderate degradation of high quality
waten or where it is mostly an alteration ofphysical
habitat structure, these species are expected t() be
useful indicators.

Adult habitat attributes were classified as
benthic. water column, or hidcr to help detect
human induced changes to habitat structurc
(Oberdorff and Hughes 1992. Sinlon and Lyons
1q95.  Hughe!  e l  u l .  l9oRr .  Benth ic  speL ie .  ucrc
those that typically occur on or near the bottom
of l lke. or streams. Wirter column \pe( ies $crc
fish that tend to occur throughout the various depths
or near the water surlace. Fish species classified
as hiders were commonly found buried in sedi-
ments or hidden in dense cover such as aquatic
macrophytes, undercut banks. crevices, or over-
hanging vegetation.

Changes in food resources can cause shifts in
the ffophic structure offish assemblages (Karr et
al. 1986). To detecteffects of human disturbances
on the aquatic food web, we classified Pacific
Northwest fishes into six feeding groups based
on litcrature descriptions of primary diet and dis-
tinguishing anatomy. Our classitications of adult
lteding attdbutes also include the fueshwaterju-
veniles of anadromous or non-leeding adult spe-
cies. We defined feeding groups as filterer, her
bivorc. omnivore. inlertivore. piscivore/invertivore,
and piscivore. Filterers ingest tlne particles from
the watcr column and typically have modified
mouth parts or gill rakers lbt filtering. Hcrbivores
f'eed primarily on aquatic vcgetation, typically have
mouth parts modified for scraping. and have an
elongated gut to aid in digestion of cell walls.
Species classified as omnivores primarily eat plant
and animal matcrial (at least 25 6/c of cach).
Inveftivores consuIneinveftebrate prey. prinarily
insects. Piscivore/inve[tivores eat considerable
proponions offish and inveftebrates and typically
have an enlargcd mouth relative to non-piscivo
rous specics. Piscivores primarily consume lish
and usually have numerous teeth, large eyes, and
large mouths.
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To assess the eflccts i)f human induced changes
on the thermal r-egime of water resources, we clas-
sified fish species as cold water, cool $'ater. or
wann water (Hokanson 1977, Eaton el al. 1995).
We detennined the temperature classifications from
\pclic\ rJnpe:. \pJwnin! .(asons. .pru ninp lum-
peratures. and physiological optima (Hokanson
t977) .

Besults and Discussion

We provide classifications of origin, overall pol
lution tolerance. adult habitat, adult feeding. and
water temperature for 132 specics of tieshwater
tish known to occurin the Pacific Nonhu'est (Table
l). Of these species, 78 occur in ldaho, 10:l i l
Oreprrn. 85 in Wlt.hington. rnJ 5.1 .fe\' ie. irre
common k) all three states. There are 2.9, and I
fish species endcmic to the three respective states.

To demonstrate ichthyogeogtaphic patterns in
classifications of t ish species attdbutes, we pro-
vide state and rcgional examples (Figure l). Fifty
of the l32 freshwatcr t'ish species in the Pacific
Northwest are aliens. The numbers ofspecies that
are rlien to Idaho. Oregon. and Washington are
38,38, and 36, respectively. Regionally.37 spe-
cies are wanr-watcr tish. but 33 ofthese are aliens.
In Idaho, 2.1 specics are classified as warm water
(all ofthese are alicns). while 29 warm water spe-
cies (26 alien) occur in Oregon, and 20 (19 alien)
in Washington. Tolerant species show similar
numher . .  R<; ionr l l r .  -16  f rc :h r ra te r  spe i ies  l rc
tolcrant. 32 ofwhich are aliens. ln ldaho, Oregon.
and Washington. 30, 37. and 24 of the species
i:Lre tolerant, respectivcly. Most ef these tolerant
species (2,1,26, and 18. respectively) are aliens.
These comparisons sho$, that, 0n regional and
state scales, the majority of warm water and tol
erant t ish species are alien and hrve the potential
lo signilicantly distnrb fish assemblages in stressed
habitats.

To illustrate the use of frsh attdbute classiti-
calions in site evalurtions, u,e examined three
markedly ditterent metrics (% alien individuals.
t/. omnivorous individuals. and % sensitive spc-
cies) from two wadcable and trvo large rivel sites
in erch .t i l t( aTrble 2). A lth,'ugh ruu specics com
position data are useful for'f ish biologists, it is
easier for managers and the public to compare
such a sct ol metric scores. The first site in cach
pair reprcsents a physically and/or cherrically
disturbcd habitat; these suppofi relatively more

aliens. more omnivores, f'ewer sensitive species,
or perhaps all three. The second site in each pair
reprcscnts less disturbed habitat. These disturbance
ranklngs were made independently of the fish
metric pelrentages. Only reticulate sculpin was
collected at the Bone River. Washington site. Since
the reticulate sculpin is not classil ied as alien,
on  rn  i r  un  'u . .  o r  scn ' i t i r  c ,  i t  renJer .  thcse  met r ics
meaningless at this site. Uset'ul metrics may bc
combined into indices of f ish asscmblage integ
rity once referencc (minimally impacled or his-
torical) conditions are dctermined against which
metric scores are judged.

To be effective and credible in using fish as-
semblages to assess the integntyof waterrcsources
regionally. biologists must agrce on the attribute
classitlcations of the fish species present. Thcse
attribute classitications promotc interagency and
intefstate comparisons of lish assemblage integ-
rity at leastacrcss ourfive agencies and thrce states.
For example, sincc all six large river sites in Table
2 are in similar-sized Columbia River tributaries.
theirfish assemblagcs can be compaled orranked
by degree of impact from low (Snake River at
Flagg). to intermediate (Willamette River at
McKenzie. Yakima River at Umtanum), k) high
(all three disturbed river sites).

Users ofthese classilications arc cautioned that
this is a work in progress and at lcast seven limi
tations necd to be considered.

(1)Much ofthe infornation contained in Table
I was obtained from "fishes of'books as opposed
k) the primary literature. Such infbrmation there-
fbre reflects subjective opinions ofthe authors as
wcll as our own.

(2) There are substantial biogeographic limi-
tations in applying our classifications. For ex-
ample. a species that is gcnerally tolemnt in the
Willamctte Valley ecoregion is unlikely to occur
in the high elevation Willamette River tributaries
of the Coast Range and Cascades. Sites in such
places will lack tolerant species as classified here,
so intennediate species may be used for assess-
ing disturbaDce. Similar moditications wil l ap-
ply elsewhere in nrountainous regions. Adapta-
tions oflocalfish stocks orsubspccies (e.g. redband
trout, Lahonlon cutthreat ffout) to elcvated tem-
perature may rcquirc moditication of thesc clas-
sifications to increase metric sensiti\'ily. Also.
rainbow toutplantcd in streams inhabited by west-
slope cutthroat trout must be considered alicns
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TABLE 1.  Cla\s i f icr t ions of l ieshwalcr  t ish species kno$n to occur i r  Idaho. Oregon. r ' r \ lashington ( fanr i l ies l is ted alphabet i -

cal l ) ) .

Fanlil!/Species Co,rmon Ntllne

,A.duh Adult

Ofigin by Ovelxll Frcsh$ater Ffesh*ater

Sh(c Tolcrancer Habitat Temperature FeedinS

Acipcnseridae
Acip(nt(t tnedit^tris
A( r?en !? t 1 t ltl\t)totl tdnus

Cat0stomidae
(:dtu^1dnus ardetts
Lat o sto tnu s c t1 t o st ot n u s
C at os I o m us u) ! um b ianu t
Catostomus distoboLu\
C ato s t L) mu t nu ( tul te i I ̂

Cutonomut ot 1 idenkLlis
( ub sh /'.tls p\d tI rh) nrhks
Ct1tt)stuxttus rimi. Iu\
Cato\tomut \n\'tLri
('utoskrnus l.1hoensk
( ubstomus )t dn\.rcnsis

Cltaeit isIe s 1)tt I i tostt is

Ccn!rarchidae
Antblqlilet rupestris
Atchopl i te s inte ruptLt \

LqoDti\ tnt1ctnchirus
Lelrntis nicroloph s
lI ic ro p t. rus do I o tni I u i
Mitropk rus talno .\

Ponois nigroDtd(ulutu\

Cichlidac
Ci(hlu\onu nis14asritl til

Tilupiu nossanbicd

Clupcidae

Cobi t idre

grcer srurgcon
wnr lc Slurgeon

Utah sucker
rongnose sucKer
bridgelif sucker
blueherd sucker
lrrgescale sucker

Sacramento suckcr
nountain sucker

Klamarh smal lscale suckel
Klamrth lurgescalc sLlcker

Tahoc sucker
warner sucker

snofllose sucKer
Lost Rivef suckef

Sacramento perch
gfeen suniish
pumpkinsecd

bluegi l l
redear \unfish

smrl lnnmrh bass
l.rrgem0uth bars

\\'hlte crappie
black crappie

con!ic( cichlid
bluc l i lapia

Mozanrbique dlapia

Anrencan shad

cold piscivore

cold invet/pisci\ofe

cool  omni\ofe
cold irlertivore
cool herbivorc
cool herbivorc
cool omntlorc
clrlrl omnl\'ore
cool herbircfe

coot omnrvore
cool omnivore

cool inven/plankti\ore
cool inveftilore

OR. \\A
ID, OR. \\A

ID
ID. WA

ID. OR, \\A
ll)

ID. OR. \\i\
OR

ID, OR. \\A
OR
OR
OR
OR
OR
OR

benthic
bcn!hic

bcnthic

benthic

benthic
bcn!hic
ben$ic
bentlic
bcnlhic
benthrc
bsnthic

S
I

T
I
t'
I
T
T

I
I
T
T
T
T
T
I

T
T
t'

T
T
T

$alcr column \\'arm
watef colullln warm
watef column wrnn
water column cool
watct column rvarm
\\'alct column $arm
water column lr'arnr
walef  column cool
\\'ater colunn $arm
watcr column \rarm
\\'atef column \rarn

inven/pisci\ore

invcrL/pi!civore
invervplscivore
in\ertpiscn'ofe
invert/piscn'ore
inredpiscivore

watef column waml in\crtplscivore
$aler column war invertpiscivore
walcr column warm in\efi/pisci\ore

benthicil4i\gurnusdtquilli lrklatus orientalwearherfi\lr

Co||idac
OR. WA
OR, WA

ID. OR. WA
ID. OR. \\A

ID. \\I{
ID. OR. \\A

pficklr sculpin
moded sculpin
Paiutc sculpin
slimr" sculpin

shorlhcad sculpin

cool inleni\ore
cool in!err/piscivorr
cool invertivore

cold inlertllore

cold inlertivore

cold inlertilore

benthlc
benthic
benllic
benthic
benthic
benlhic
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TADLI L Chssilicetions ()1 licshwilcr lis| \pccics kno$n lo occur in ldaho. Orcgon. or \\hshington (lamilies listed alphabeti-
ca ,,,'.).

l - . rn l /Ste( ie\ Common Name

Adult Adult
Ongi b,v O\erall Frcshrvalcr Frcshwaler

Staler Tolemncer Habirat Temperature l-eeding

C0tru\ kLdDtdth,: \il

Leptocdttls dfln.o s

atvlllll!49

Acro.h?ilut dlutace s

Couasius phunbet6

CtcnopItdrynptlo idcIIlt

H t \ ien leucus  s \ tanet  d ts

MIlochtih!s cuurulus

Notu tni gonu! | h^ tol cutlt!

Oftg.nid1lh): t tuuneri

OrcIonichit\s kalL,lnts.Ii

Pnnqhtl?s pnnkla\

Pt\t ho( ht i I u\ ot"son(n\ i'

Pt\t hotlk ilut u"tpttuu(

Rhiitidtth\ \ ettLru tue

Rhi i t i (h th \ \  ? |  ( f l ] k " t  i

Rhittich t\s fuIcatkt
Rhittitltth\ \ o\t ulLtl

R it hu t tlson i us hul te u t r s

R it ha ttl so I t i u s egrcgi u s

C!prir0dortidac

FtotlLtlu\ dkqtkuut\

Ernb io roc idac

r. rtndk )8us te I a gt t8 ukl

E \oc idae

Beaf Lake sculp in
Shonn)ne sculp in

r i l l le  sculp i r
marblcd sculpin

\\i)od Rilef sculpin
mugin.d sculpin
rct iculatc sculp in

pir  sculp in
Kla ath l -ake sculp ln

iof fent  \culprn
slender sculp in

Prciiic slaghorn sculpin

g0ldlish

lakc chub
grass cilrp

Ahord chub
Utah chub

Bor.rx Lake chub
blue chub

ler thefs ide chub
Califi)rnia r0ach

goldcn shiner
Ofegon chub
Unpqua chLrb

tathcad minno$
northern squa$fish'

t.r'npqua squaqfishr
rongnose orce
Lrmpqur dace

spccklcd dace
fedside shinef

Lahontm redside

handed k i l l i i i \h
fa in\ latef  k i l l i f idr

\h inef  pefch

Srrs\ pickefel

ID
ID

OR. WA
OR
ID

OR, \\A
OR. \\A

OR
OR

ID. OT{. \\A
OR

OR. WA

ID. OR. W,A.

lD. \!t{

OR
ID

1D. 0R. WA
OR
OR
ID
OR

ID. OR. \\A

OR
OR

tD .0R .  \ \
OR

ID. OR. \!:,\
OR

ID. OR. \\A
1D. OR. \\A
ID. OR, \\A

OR

OR. \!A

cold inlertivore
cold inlertivore
cool invefivofe
cool in\erlivorc
cold invertlvore
cool inlertivore
cool invenivore
cool invcrd\ore
cold invcrtilorc
cold inlcrrpiscjvore
cool inrertivore
cold invefiilofe

I
S
I
I
S
I

t '
I

I
I
I

T
T

ben$ic
benrhic
berllic
bcnthic
benthic
bcnlhic
bcnlhic
benthrc
benthic

benlhic

benthic cool
benthic

\!atcr colunn cold
$atcr  colunn warm

bcnthic \rarnl
water column wafm
waler coiunn cool
$ater column cool
water column rl arm
waler column cool
waler  column cool

benthic
[aler column cool
watcr column $arm

hidef  cool
hider cool

wa(ct colu n warm
$ater column cool
$ater  column cool

benthic cool
benthic cool
beDthic cool
bcnlhic cool

$ater column cool

water colurnn warm

\!lter column cool

hefbn'ore

herbi!ore

rn!cfl/pisci!orc
in!crtivorc

ratcr colLrnrn !vam1 inlertivore
warer column \r'arm in\erlilorc

benrhic cold
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TABLE 1. Classificatidrs of iieshwatcr fish species known 1o occuf in Idaho. Orcgon. or W"shingt(D (lumilics listed alphabeti-

cal ly l .

FJnr i ly /S|recies Colnnon \a e

Adult ,{dult
Origin by Ovcrall Freshwater Freshwatef

State Tolcrancer Habitut Tcmperalure Feedirg

Gadidac

Gasterosteidae
Gdsteron(u\ aul&ttus

lc la lur idre

Aneturus n(bub\Ls

l.lulurus pltlctalu\

H\panptus prctios|\

sti rinchus thuleir hth,\ |

Thal&hth\"t tutilicus

Percichth.,-idac

Pcrcidae

S I i..o \t ? LI b t I |i ftcu, I

Pcrcoplid4g
I'. rc o p s i s I ran u n..,t t xnut

Petfomvzontidae

Lampetru lethaphaga

Lanpetru ri(htxLt\oni

Lampeln ttidentatd

Pleuronectrdae
Plutichth\ s st,:llatu\

P0cci l i idae

Xiphapho t hellei

ID, OR. \IA

OR. WA
OR. \!A
OR. \\A

ID. OR. \\A

OR, WA
OR
OR

OR
ID, OR. \A

OR, WA

benthic cold

threespine slickleback OIt, WA

T
T
T
T
T
T
T
T

hrdef

bcnthic
hidcr
hlder

bcn!hic
hidef

benthic

\!hire catfi\h
black bullhead
ycllow hullhead

brorn bullhead
blue catlish

channclcadish
tadpole lnadt|lln
flathe.rd cadish

longf in, imel l

whi te b ss
stfiped brss

yello$ pcrch

r\'alleye

nlef lamprey
Pit Klanrath brook larnprey

NIilLer Lukc lampre)

\!cstcm brook lamprey
Klamath Ri!er lanprey

Pacilic lamprey

slarry lloundef

$estem mosquiro l ish
shortfin lnoll)

gUPP}
gfeen s$ordtail

in!cri/pisci!ore
ir!crrpiscivore
inrcrt/Piscivore

warm i nvert/p isc i\ore

wafln rnvefi/piscrlore
invervpjsci!ore

warm inrerdpiscivore

warm p'\crrorc

S
I
I

wirer column cold invcrlivore

watcr column cool ilrvcrtilore
{'ater column cool invetilore

waler colunn cool
water colunn cool

water column cool invertpiscilorc
lratcr column cool pisci\'ore

I
I
I
I
I
I

hider

hider
hidel
hider
hider

hider

bcnthic

lilter feedef

fiher leedcr-

T
T
T
I

water colunn warm inveil!0rc

$ater column \rann onnnvofe
\\'atef column warm omnn'ore

i.ater coiumn rarfir omnirore
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T,A.BLE 1. Classiilcatbns of freshwatef fish specie\ knou n to occur in ldaho, Oregon. or \lhshinglon (timilies listed alphabetj
cal l ) ) .

Fa ily/Spccics Comm0n Name

Adulr
Overall Frerh$atcr

Tolerancer Habitat Temperature
Origin b)

StateL

Adult

Fccding

Salm0nidae
C o re s on u s c I trp e atb r nt i s
On( u hrndus alrtabonita
Ontorhtnchus t htrki
Oncorh| chus sorbuschd
O (o h|n(hu\  kt ta
On. arhln&us kistu(h

Oncorh)nchus n)kbs
On o4\nthux ne a
Oncorh)nchus Ishd\r) I schd
PtosopiLo ab\ssicold
Pr0sopitm rcult(ri
Ptuvtiiu,t sen,nifetunj
Prosopiun spiLotlot s
P rosopiton .|il I iamso| i

SaIteIinu: un14uenrus
Salt?linus lbttinalis

5ul t e I inu : natna,:t ush
Th\nallus drcticus

Umbridae

lake \lhitefish
golden trout

Beaf Lrke \\bitefish
plgmy whitel-rsh
Bonnevi l le c isco

Bonneville whitefish
mountrir whitefLsh

bull trout

Doll] V,rrden

Arctic grayling

A I
A S

tD .oR . \A  S
oR, trA S
ORWA S

ID. OR, \\A S
lD,()R. \ \A S
lD, oR. \\A S
ID, OR. \\A S

I D I
ID. WA I

I D S
I D I

ID .OR,WA I
A S
A I

ID. OR, WA S

W A S

A S

water colunrn cold
hider cold

water column cold
water column cokl
water column cold
water column cold

hider cold
water column cold
watcr colunn cold
\\'ater column cold
water colunrn cold
water column cold
\'ater column cc'ld

benthic cold
vrater column cold

hider cold
hider cold
hnier cold
hider c0ld
hider cold

benthic cold
water column clrld

rnvervpisci!orc

inven/pisci\ore

Ol '  npi .  n,uJ. l i r  I  u$ \ \ ' \  T , rde-

: ,A. = alien 01on natile. exotic, or i roduced) to all three strtes. ID = narive to ldaho, OR = nalirc rc' OregoD. WA = nrtive to
Washington (Does not implv occurrcncc in all lhrcc \lalcs.)
I I = mlermediale species. S = sensitile species, T = toleranr species
'recommended lbr name chrnge to noftherD pikeninnow (Nel$n el al. 1998)
_ rcco Dendcd lbr namc changc 1() L;mpqur pikeninno\r (Nelson et al. 1998)
I characterizes most offrcsh\\'atcr liti

even though they are native to the state. ln other
words, rcgional classifications may require modi-
I l c r t ion  uhen rpp l ied  a t  loca l  . ca le . .

(3) A key consideration in developing metrics
or biotic indices is that they should detect arange
ofconditions for thc vruious waterbodies assessed.
If mehics or indices fail to detect a range of con-
J i t ron . .  i t  rn l5  bc  r  rc ru l t  l i  n , rnJ isc r i rn in r t ine
species classifications given the lish faunapresent.
Before der eloping an inder. the fi.h .pccics prcrent
and their classifications must be examined to en-
sure that a sufficient range of characteristics oc
curs in thc classitications of interest. If there are

only scnsitive native species present in headwa-
ter mountain streams, the overall tolerance ano
origin classifications cannot be responsiye to dis-
turbance. so substi lute metrics wil l be needed.

(,1) Although all life stages should be consid-
ered in making assessments about fish assemblage
integritv (Angermeier and Karr 1986, Nonhcotc
1997), the number ol young-of'-year individuals
is largely stochastic (Yant et al. 1984) and such
variability adds an undesirable amount of error
inlo metric intepretation. In addition, survival of
young<rf-year fishes into later age classes is a bet-
ter indicatorthan mere presence ol eren abundance
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ofyoung of)'eal (KaII et al. I 986). especially in
species rich waters. However, where only one to
th ree .pec ies , , l  l i sh  e \ i \1 .  i r :  i \  (ommon in  man)
Pre i f i i  Nor thuc : t  mount r in : l re rms,  i l  i :  e \ \en-
tial to collect and asscss all l i t 'e stages, simply to
determine if the site can supporl them all. The
emphasis in such cases should bc on the pres-
cnce o I  the  l i fe . tage.  ra rhcr  rhcn  c l len ]p l in : l  . rc -
curate counts of all individuals.

(5) Sampling eflbrt must be sufficient to ob
tain nearly all species present in a reach at their
relative abundancas. and tlsh collected must be
identit ' ied to the species level. This is especially
crit ical for scuJpins, a family that is often identi-
t ied only to genus. Examination ofTable I indi-
cates marked differences in overall tolerance and
temperrture pref'erence among cottid species,
which is lost without accurate ideDtitication. Fish
ecologists should learn to identity all the tish spe-
cies in their study areas or collect specinrens tbr
identification by expe s.

Tolerant
species

(6) Specimen vouchering is critical as a qual
it) l\\uri lnce rnd control measure. Mu.eum speei-
mens are crucial for advancing our knowledge of
taxonomy and distribution. They also offer thc
most irrefutable evidence of a collection. To be
most usetul. specimens must be properly presen'ed
(kill in l0% formalin, slit specimens greater than
l5 cm long, and provide ample space in jars to
allow fbr thorough tissue fixing). ll specimens
are allowed to die and are preserved later, they
produce poor quality specimens. This is especially
true ifthe holding water and air temperatures are
warm. Collection sites must also be accufately
located, preferably by latitude and longitude, us-
ing a geographic positioning device so the data
can be easily manipulated in a geographic intbr-
matlon system.

(7) Additional research on water temperature
and feeding preferences of lish species and more
thorough distributional studies of fishes would
improve our attribute cliissifications. We found

Total
species

Warm water
species

f i t J . e  i .  S r t r r e i , r J f e ! . . r i r l t r I i f r ' i I n - !  r .  e -  t e . J  r - ( . .  r d  r o l e r J l . c  J l r f l b u r c . .
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TABLE 2. Ftxample of nerric scores for rhe proponion of alien species. omnivorous species. and scnsitive species ffon paired

\',adeable (w) slrcans and large river (l) \itcs that repfesent disrurbcd and less disturbed physical or chemical habitats

in Id.rho. Orcgon. and \\'ashing|C'n.

Si te and ()pe) Conditlon

7. Alicn
lndividuals

'/. Omnivl'rous % Sensitive
lndividuals Species

ldlha
Nlalad Rner ( \a)r

Liitle \\bod Ri\cr (n):

Snake Rn'ef  @ Buhl  ( l ) '

Sn.*e Ri \er  @' Flagg ( l ) '

Orcgon
Spoon Creek (\\')!

Sn1allman Creek(\' )''

Willamette Ri\cr @l Porland (l)r

Willanctte River @ McKenzic (l)l

\\ishington

Bone Ri!er (t! )'!
Mi l l  Creck ( \ \ ) '11

Yakima Ri\'er @ Kiona (l) '

Yakima Riler @l Umranum (l)''

dislurbcd l-l
less disturbed 0

disturbed 11
less disturbed 0

0 0
0 6 6

,16 0
12 r1

disturbed
less disturbcd

disturbed

disturbed
less disturbed

disturbcd
less dinurbed

3

5

100
0

1 9
0

1',7
0 ao

21

25

l , l

0
)3

r black bullhead. comnon cary, largescale sucker. redside shiner. smallmouth bass (Marel 1997).
: brook trout. mountain whilciish. rainbolv trout. spcckled dace, wood Rivcr sculpjn (Mafet 1997)
ichiselmouth. conmc'n carp. hrgescale suckcr. nrottled sculpin, northern squar.fish, peamoulh. rainbo$ tfout. redsidc shincr.

spcckled dace. Ut.rh chub (Maret 1997).
rbrook trour. brLrwn trou!, cufthrort trc'ut. longnose dace. moulcd sculpin, mountain suckcr. mouniain whitefish, Paiulc sculpin,

rainbo\\ trcut. redsidc shiner, speckled dacc. Utah sucker (Marel 1997).
: largemoulh bass. wamrouth, \rcs(crn mosquitofish. whitc crappie, )ellow bullhcad (Hughes et aI 1998).
.brown bullhead. cut$roat rrout. redside shincr. reticulate sculpin. spcckled dace. tlxeespine slickleback. western brook lanprc]_

lHughes et  r l .  1998).
._cornmon carp. la|genoulh bass. largescale suckcr. northern squarvfish, prickly sculpin. feticulate sculpin. -lellow pefch (Hughes

and Gammon 1987).
t chinook salnlon. chiselmouth, largescrle sucker, nnuniain suckcr. mountain whirelish. northern squawfish. Paiule sculPin.

peamouth. fainbow lrour. rcdside shiner. reticulalc sculpin. speckled dacc, torrent sculpin (Hughcs and Gamlnon 1987).
' ret iculate sculp in (Merr i t t  et  a l .  1999).
t'coho salmon. curthfoat trout. riftle sculpin. specklcd dace. ionent sculpin. wcstcm brook lampre) (Merillct a]. I999).

bridgelip suckcr. largescrle sucker. mounlain lvhitefish. nonhcm squalvfish (Cuftiey c! al. 1997)
r: bridgclip suckef. chiselnoullr, largescale sucker. mountain sucker nounuin whitefish, nofihem squawfish. rainbo\\ trout (CulTne)

el  a l .  l99l ) .

fcu, comprehensivc regional studies document-
ing the diets ol fishes of the Pacific Northwest
and the temperatures at which they are nlost suc-
cessful. When and where sutficiently large data-
bases allow them. data analyses are needed along
gradients of habitat and human disturbance. Fi-
nally. better intbrmation conceming reproduction
and longevity might lead to additional attdbute
classitlcations.

ln summary, we produced attribute classit'ica-
tions fbr the freshwater fishes ofthe Pacific North
west anddemonstrated their applicability in evalu-
ating l2 sites. Additionally, attribute classifications
uere used to complr(' rpecies richnesr. ,rrigin.
overall pollution tolerance, and water tempem-
ture prclercnce in Idaho, Oregon, andWashington.
We recognize that our classifications will change
with turther research and local applications. We
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encourage additional study oflile histories. aute-
cology, and distributional patterns olnon salmo-
nid Pacific Northwest freshwater fishes. We hopc
this attribute classification will stimulate more flsh
ecologists to assess entire fish assemblages. ei-
ther by direct application of these metrics ot by
incoryomting them in fish assemblage indices.
We also want this paper to stimulate criticism and
improvement of these classifi cations and encouragc
communications by readers to further thrt end.
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