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Classification of Species Attributes for Pacific Northwest Freshwater

Fishes

Abstract

Fish assemblages integrate physical and chemical habitat conditions and are used to evaluate the condition of water resources in
the Pacific Northwest. To facilitate such cvaluations. we classified cich of the 132 freshwater fish species known o occur in the
Pacific Nerthwest {Idaho, Oregon, Washington) by its origin, overall pollution tolerance. adult habitat, adult feeding, and water
temperature preference. Recommendations [rom regional fishery experts, published literature, and the aggregale experience of
the authors were used 1o classify species. The atlribute classifications were responsive to human disturbance of aguatic habitats
when applied to {ish assemblages sampled from throughout the region. Our attribute classification of fish species promotes use of
fish assemblages 1o evaluate water resource conditions regionally and fosters greater acceptance of biological measures of water

resource quality.

{ntroduction

The use of fish assemblages for assessing water
quality is in response o mandates of the Clean
Water Act (Water Environment Federation 1997)
requiring States to restore and maintain biologi-
cal integrity. The U.S. Environmental Protection
Agency (USEPA) recommends that States do this
by developing narrative and numeric biological
criteria (USEPA 1990, Gibson 1990). To date,
northwestern states have developed only narra-
tive hiological criteria. For example, in the vast
majority of streams in the Pacific Northwest, state
statutes call for protection of “beneficial uses”
of water. such as salmonid spawning, cold water
biota, or no detrimental changes in biological com-
munities (Idaho Department of Health and Wel-
fare 1993, Oregon Secretary of State 1998, Wash-
ington Administrative Code 1997). Previously,
however, not all freshwater fish species of the
Pacific Northwest were classified by metrics com-
monly found useful for quantitatively evaluating
attainment of beneficial uses and biological in-
tegrity {e.g., as described by Yoder and Rankin
1998). In addition, there were inconsistent met-
ric classifications for the same species in drain-

ages shared by multiple states, hindering inter-
state assessments and regional collaboration.
Because of high public and economic interest in
these resources, USEPA support for quantitative
biocriteria, and the interstate ranges of many of
the fish species, there is clearly a need to develop
more effective assessment tools to evaluate Pa-
cific Northwest water bodies using their fish as-
semblages.

Fish assemblages have proven useful to de-
scribe and assess biological condition of specific
waters in the Pacific Northwest {(Hughes and
Gammon 1987, Fisher 1989, Friesen and Ward
1996, Maret et al. 1997, Hughes et al. 1998). This
is because fish are integrators of water resource
conditions, and information about their structure
and function may be used to assess these condi-
tions (Li et al. 1987). Specifically, fish assem-
blages are useful in evaluating biotic integrity,
defined as “the ability of an aquatic ecosystem 10
support and maintain a balanced, integrated, adap-
tive community of organisms having a spccies
composition comparable to that of the natural
habitats within a region” ( Frey 1977, Karr and
Dudley 1981).
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According to Karr et al. (1986), the capability
of fish assemblages to accurately reflect environ-
mental quality lies in their integration of five major
factors that determine the condition of a water
resource. These factors include hydrology, water
quality, biological interactions, physical habitat
structure, and energy resources. Because fish as-
semblages integrate these characteristics of their
environments, they are useful for evaluating the
effects of human activities on particular sites or
across entire regions (Karr [981).

Assessments of biotic integrity have typically
included classes of atributes or metrics deserib-
ing species richness. species composition, trophic
structure, fish abundance, and fish condition (Miller
et al. 1988, Hughes and Noss 1992, Simon and
Lyons 1995, Simon 1998). Each metric reflects
the quality of a different aspect of the fish assem-
blage that responds in a different manner to aquatic
ecosystem stressors. The index of biotic integ-
rity (IBI), first formulated by Karr (1981), com-
bines these metrics into an index of water resource
condition. Recent applications summarized in
Simon (1998) have showa that the IBI concept is
widely adaptable, but metrics must be modified,
deleted. or added to reflect regional differences
in fish distribution and assemblage structure.

Fish assemblage attributes such as origin (na-
tive or alien), overall tolerance to pollution, habitat
and temperature preferences, and trophic struc-
ture have been found responsive to human dis-
turbance (Hughes and Gammon 1987, Simon and
Lyons 1995, Karr and Chu 1999} and useful in
evaluating biotic integrity (Miller et al. 1988,
Chandler et al. 1993, Yoder and Rankin 1998).
Human disturbance can increase taxa richness in
cold water streams (Lyons et al. 1996, Maret 1997)
as cool and warm water species invade where water
temperature regimes have been altered by such
activities as agriculture, logging and urban de-
velopment. Highly altered aquatic habitats are
particularly vulnerable to invasion by alien (in-
troduced, non-native, exotic) species (Moyle and
Nichols 1973, Holden and Stalnaker 1975, Leidy
and Fiedler 1985, Moyle 1986, Hughes and
Gammon 1987). The percentage of individuals
that are alien reflects biological pollution, which
has usually been less reversible than chemical and
physical disturbance (Hughes et al. 1998); it was
the second most commonly cited cause of fish
species extinction after physical habitat change
(Miller 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 quality degradation of coldwater streams
{Lyons et al. 1996, Maret 1997).

Changes in the biotic integrity of streams can
be expressed by the trophic composition of the
fish assemblage. For example, organic pollution
entering streams alters food sources, resulting in
changes to the trophic structure of fish assem-
blages (Karr et al. 1986). These enriched condi-
tions favor tolerant omnivorous individuals that
adapt easily to disrupted food sources. The pro-
portion of omnivores (primarily common carp and
some catostomid species) increases with human
disturbance in western rivers (Hughes and
Gammon 1987, Maret 1997).

The proportion of individuals occupying a
particular habitat type is useful for evaluating the
effects of altered physical habitat (Karr 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 recommended
as indicators of biotic integrity (Karr et al. 1986,
Hughes and Gammeon 1987). Other benthic spe-
cies metrics such as number of cottid age classes
may provide useful information as well.

Although it is not our intent to develop a
multimetric index in this paper, an essential step
in the development process is publication of metric
classifications for the fish species in this region
for widespread review and comment. This type
of fish species information previously has been
inconsistent and separately located. Our goal is
to provide a single information source so scien-
tists can more effectively use fish assemblage
information in their assessments of the condition
of surface waters, We offer consistent spectes clas-
sifications that are applicable to surveys across
the Pacific Northwest, large portions of its states,
or at site and watershed scales,

Methods

We compiled a list of freshwater fish species known
to occur in Idaho, Oregon, and Washington from
species descriptions by Bond (1963, 1973, 1994),
Scott and Crossman (1973), Moyle (1976).
Wydoski and Whitney (1979), Lee et al. (1980),




Simpson and Wallace (1982), McPhail and Lindsey
(1986}, Minckley et al. (1986). Sigler and Sigler
{1987, 1996), Robins et al. (1991), Behnke (1992).
Moseley and Groves (1992), Mongille (1993},
Mongille and Hallock (1995), and the Washing-
ton Department of Natural Resources (1997). A
number of estuarine and brackish water species
were also listed it commonly found in freshwa-
ter fish collections. We used the scientific and
common names of species as listed by Robins et
al. (1991).

A set of attributes believed responsive to or
indicative of human disturbance was selected.
Additionally, these attributes were assumed to
reflect either biological processes or criteria con-
tained in state water quality standards. We based
our species classifications on the accounts from
the authors cited in the preceding paragraph, plus
Carlander (1969, 1977), National Academy of
Sciences and National Academy of Engineering
(1972), Minckley (1973), Pflieger (1975), Coutant
{1977}, Hokanson (1977), Trautman (1981}, Becker
(1983), Smith {1985), Woodling (1985), Courtenay
et al. (1986), Ohio Environmental Protection
Agency (1987), Bond et al. (1988), Robison and
Buchanan (1988), Page and Burr (1991), Rinne
and Minckley (1991), LaRivers (1994), Baxter
and Stone (1995), and our aggregate experience.
The personal observations of the authors and re-
viewers were used in instances where sources
disagreed on a particular specics classification or
if no information was available.

Each Pacific Northwest freshwater fish spe-
cies was classified as either native or alien on a
state by state basis. We defined native species as
those believed to have been present in the state
prior to European settlement. Alien species were
those that are introduced through human inter-
vention in a given state or in the region,

We classified the overall pollution tolerance
of species as sensitive {S), tolerant (T), or inter-
mediate (). Sensitive specics were those that tend
1o either disappear or are greatly reduced in as-
sociation with human disturbances (Karr et al.
1986). These species are typically intolerant of
siltation, turbidity, increased water temperature,
and lowered dissolved oxygen and tend to be re-
placed by intermediate and tolerant species. We
defined tolerant species as fishes that tend to in-
crease in abundance with human disturbances,
particularly in relation to increased siltation, tur-
bidity, and water temperature. and lowered con-

centrations of dissolved oxygen. Species that tend
to be neither tolerant nor sensitive to increased
siltation, turbidity, temperature, or lowered dis-
solved oxygen, but are typically replaced by tol-
erant species in those situations, were considered
intermediate. Species classified as having inter-
mediate tolerance are unlikely to be useful indi-
cators in highly disturbed waters with very poor
water quality. However, where the disturbance is
limited to moderate degradation of high quality
waters or where it is mostly an alteration of physical
habitat structure, these species are expected to be
useful indicators.

Adult habitat attributes were classified as
benthic, water column, or hider to help detect
human induced changes to habitat structure
{Oberdortf and Hughes 1992, Simon and Lyons
1995, Hughes et al. 1998). Benthic species were
those that typically occur on or near the bottom
of lakes or streams, Water column species were
fish that tend to occur throughout the various depths
or near the water surface. 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 trophic structure of fish assemblages (Karr et
al. 1986). To detect effects of human disturbances
on the aquatic food web, we classified Pacific
Northwest fishes into six feeding groups based
on literature descriptions of primary diet and dis-
tinguishing anatomy. Our classifications of adult
feeding attributes also include the freshwater ju-
veniles of anadromous or non-feeding adult spe-
cies. We defined feeding groups as filterer, her-
bivore, omnivore, invertivore, piscivore/invertivore,
and piscivore, Filterers ingest fine particles from
the water column and typically have modified
mouth parts or gill rakers for filtering. Herbivores
feed primarily on aquatic vegetation, 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 material (at least 25% of each).
Tnvertivores consume invertebrate prey, primarily
insects. Piscivore/invertivores eat considerable
proportions of fish and invertebrates and typically
have an enlarged mouth relative to non-piscivo-
rous species. Piscivores primarily consume fish
and usually have numerous teeth, large eyes, and
large mouths.
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To assess the effects of human induced changes
on the thermal regime of water resources, we clas-
sified fish species as cold water, cool water, or
warm water (Hokanson 1977, Eaton et al. 1995).
We determined the temperature classifications from
specics ranges, spawning seasons, spawning tem-
peratures, and physiolegical optima (Hokanson
L977).

Results and Discussion

We provide classifications of origin, overall pol-
lution tolerance, adult habitat, adult feeding, and
water temperafure for 132 species of freshwater
fish known to oceur in the Pacific Northwest { Table
1). Of these species, 78 occur in Idaho, 104 in
Oregon, 85 in Washington, and 53 species are
common to all three states. There are 2. 9, and 1
fish species endermic to the three respective states.

To demonstrate ichthyogeographic patterns in
classifications of fish species attributes, we pro-
vide state and regional examples (Figure 1). Fifty
of the 132 freshwater fish species in the Pacific
Northwest are aliens. The numbers of species that
are alien to Idaho, Oregon, and Washington are
38, 38, and 36, respectively. Regionally, 37 spe-
cies are warm-water fish, but 33 of these are aliens.
In Idaho, 24 species are classified as warm water
(all of these are alicns), while 29 warm water spe-
cies (26 alien) occur in Oregon, and 20 (19 alien)
in Washington. Tolerant species show similar
numbers. Regionally, 46 freshwater species are
tolerant, 32 of which are aliens. In 1daho, Oregon,
and Washington, 30, 37, and 24 of the species
are tolerant, respectively. Most of these tolerant
species (24, 26, and 18, respectively) are aliens.
These comparisons show that, on regional and
state scales, the majority of warm water and tol-
erant fish species are alien and have the potential
to significantly disturb fish assemblages in stressed
habitats.

To illustrate the use of fish attribute classifi-
cations in site evaluations, we examined three
markedly ditferent metrics (% alien individuals,
Y% omnivorous individuals, and % sensitive spe-
cies) from two wadeable and two large river sites
in each state (Table 2). Although raw species com-
position data are useful for fish biologists, it is
easier for managers and the public to compare
such a set of metric scores. The first site in each
pair represents a physically and/or chemically
disturbed habitat, these support relatively more
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aliens, more omnivores, fewer sensitive species,
or perhaps all three. The second site in each pair
represents less disturbed habitat. These disturbance
rankings were made independently of the fish
metric percentages. Only reticulate sculpin was
collected at the Bone River, Washington site. Since
the reticulate sculpin is not classified as alien,
OMNivoreus, or sensitive, it renders these metrics
meaningless at this site. Useful metrics may be
combined into indices of fish assemblage integ-
rity once reference (minimally impacted or his-
torical) conditions are determined against which
metric scores are judged.

To be effective and credible in using fish as-
semblages to assess the integrity of water resources
regionally, biologists must agree on the attribute
classifications of the fish species present. These
attribute clagsifications promote interagency and
interstate comparisons of fish assemblage integ-
rity at least across our five agencies and three states.
For example, since all six large river sites in Table
2 are in similar-sized Columbia River tributaries,
their fish assemblages can be compared or ranked
by degree of impact from low (Snake River at
Flagg)., to intermediate (Willamette River at
McKenzie, Yakima River at Umtanum), to high
(all three disturbed river sites).

Users of these classifications are cautioned that
this is a work in progress and at least seven limi-
tations need to be considered.

(1) Much of the information contained in Table
| was obtained from “fishes of” books as opposed
to the primary literature. Such information there-
fore reflects subjective opinions of the authors as
well as our own.

(2) There are substantial biogeographic limi-
tations in applying our classifications. For ex-
ample, a species that is generally tolerant in the
Willamette 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 intermediate species may be used for assess-
ing disturbance. Similar modifications will ap-
ply elsewhere in mountainous regions. Adapta-
tions of local fish stocks or subspecies {e.g. redband
trout, Lahonien cutthroat trout) to elevated tem-
perature may require modification of these clas-
sifications to increase metric sensitivily. Also,
rainbow trout planted in streams inhabited by west-
slope cutthroat trout must be considered aliens




TABLE 1. Classifications of freshwater fish species known to oceur in Idaho, Oregon, or Washington (families listed alphabeti-
cally).
Adult Adult

Origin by  Overall Freshwater Freshwater
Fumily/Species Common Name Stae:  Tolerance®  Habitat  Temperature Feeding
Acipenseridae
Acipenser medirostris green siurgeon OR, WA S benthic cold piscivore
Acipenser transmontanus white sturgeon 1D, OR. WA I benthic cold invert/piscivore
Catostomidae
Catostomus ardens Utah sucker D T benthic cool omunivore
Catostormus catostomus lengnose sucker 1D, WA I benthic cold invertivore
Carostomus columbianus bridgelip sucker ID.OR, WA T henthic cool herbivere
Carostomiis discobolus bluehead sucker 12 1 benthic cool herbivere
Carostomits macrocheilus largescale sucker D,OR, WA T benthic cool ommnivore
Catostomus oecidentalis Sacramento sucker OR T benthic coul omnivore
Catostomus platyrhvichus mountain sucker ID, OR, WA I benthic cool herbivore
Catostontus ritniculus Klamarth smallscale sucker OR H benthic cool omnivore
Catostomis snyderi Klamath largescale sucker OR I benthic cool omnivore
Catostomiis tahoensis Tahoe sucker OR 1 benthic cool omnivore
Catostomis warierensis Warner sucker OR 1 benthic cool omnivore
Chasmistes brevirostris shormose sucker OR 5 benthic cool  invert/planktivore
Deliistes luxatus Lost River sucker OR I henthic cool invertivore
Centrarchidae
Antbloplites rupestris rock bass A 1 water column  warm invert/piscivore
Archoplires interruptus Sacramento perch A T water column warm invert/piscivere
Lepomis cyanellus green sunfish A T water column — warm  inverU/piscivore
Lepomis gibbosus pumpkinsced A T water column  ¢ool invert/piscivore
Lepomiy gulosus warmouth A T waler column  warm invert/piscivore
Lepomis macrochirus bluegill A T water column warm invert/piscivore
Lepomis microlophus redear sunfish A T water column  warm invert/piscivore
Microprerus dolomicui smatlmouth buss A 1 water celumn  cool piscivore
Micropterus salmaoides largemouth bass A T water celumn warm piscivore
Ponioxis annularis white crappie A T water column warm invert/piscivore
Pomaoxis nigromaculatis black crappie A T water column  warm invert/piscivore
Cichlidac
Cichiasoma nigrofasciatum convict cichlid A T water column warm  invert/piscivore
Tilapia auren blue lilapia A T water column  warm invert/piscivore
Tilupia mossambica Mozambique tilapia A T water column  warm invert/piscivore
Ciupeidae
Alosa sapidissima American shad A 1 watcr column  cool invertivore
Cobitidae
Misgurnus anquillicaudatus origntal weatherfish A T benthic WArm omnivore
Couidag
Conns alentics coastrange sculpin OR, WA 1 benthic cool invertivore
Cortus asper prickly sculpin OR. WA I benthic cool invert/piscivore
Cottus buirdi mottled sculpin 1D, OR. WA I benthic cool invertivore
Cottus beldingi Paiute sculpin 1D, OR, WA 1 benthic cold invertivore
Cottus cognatus slimy sculpin D, WA 1 benthic cold invertivore
Cottuy confusus shorthead sculpin ID,OR. WA 5 benthic cold invertivore
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TABLE [. Classilications of freshwater fish species known o occur in Idaho, Oregon, or Washington (families listed alphabeti-

callv}
Adult Adult

Onginby  Overall Freshwater Freshwater
Family/Species Common Name State!  Tolerance® Habitat  Temperature Feeding
Cottus extensus Bear Lake sculpin J1b] I benthic cold invertivore
Colus greenei Shoshone sculpin 1B S benthic cold invertivore
Corns gulosis riffle sculpin OR., WA 1 benthic conl invertivore
Cotrus klamathensis marbled sculpin OR [ benthic cool invertivore
Cottus leiopomus Wood River sculpin D S benthic cold invertivore
Cortus marginants murgined sculpin OR, WA [ benthic cool invertivore
Cortus perplexus reliculate sculpin OR, WA ! benthic cool invertivore
Cortties pitensis pit sculpin OR T benthic cool 1verlivore
Corius princeps Klamath l.ake sculpin OR 1 benthic cold invertivore
Corius rhotheus torrent sculpin D, OR, WA 1 benthic cold invery/piscivore
Cottus tenuis slender sculpin OR 1 benthic cool invertivore
Leprocottus armaius Pacific staghorn sculpin OR, WA 1 benthic cold invertivore
Cyprinidae
Acrocheilus alutaceus chiselmouth ID, OR. WA 1 benthic cool herbivore
Carassiis auramns goldlish A T benthic warm omnivore
Couesius pliunbeus lake ¢hub [D. WA 1 waler column  cold invertivore
Crenopharyvagodon idello rass cam A T water column warm herbivore
Cyprinus carpio common carp A T benthic warm omnivore
CGila alvordensis Alvord chub OR T water column  warm omnivore
Gila atraria Utah chub 1D T waler column — cool omnivore
Gila bicolor tui chub ID.OR,WA T water column  cool omnivore
Gila borasobius Borax Lake chub OR I water column  warm invertivore
Gila coerulea blue chub OR T water column  cool omnivore
Gila coped leatherside chub D I water column  cool invertivore
Hesperoleucus syimmeltricus Calitornia roach OR T benthic Warm omnivore
Mylocheilus caurinus peamouth 1D, OR, WA 1 water colurnn cool invertivore
Notemigonus chrysoleucas golden shiner A T water column warm omnivore
Cregonichiiys crameri Oregon chub OR I hider cool invertivore
Cregonichrivs kalawatseri Umpgua chub OR 1 hider cool invertivore
Pimephales promelas fathead minnow A T water column  warm omnivore
Pivchocheilus oregonensis northern squawfish’ ID.OR.WA T water column  cool inverlpiscivore
Pivchocheilus umpguae Umpgua squawfish? OR T water column  cool invert/piscivore
Rhinichthys cataructae longnose dace ID. OR, WA I benthic cool nvertivore
Rhinichthys evermanai Umpqua dace QR I benthic cool invertivore
Rhinichthys falcatis leopard duce 1D, OR, WA I benthic coul mvertivore
Rhinichthyvs osculus speckled dace 1D, OR. WA [ benthic cool invertivore
Richurdsonius baltectus redside shiner ID. OR, WA I water column conl INVeriivore
Richardsonius egregiiis Lahontan redside OR I water column cool invertivore
Tinea tinca tench A I water coluimn - warm invertivore
Cyprinedentidae
Fundulus diagphanus handed kililifish A T water column  warm invertivore
Lutcentia parva rainwater killifish A T warter column  warm invertivore
Embiotecidae
Cymatogaster aggreguia shiner perch OR, WA s benthic cold invertivore
Esocidae
Esox americanys grass pickerel A I water column  cool piscivare
Esox luciis northern pike A 1 water column cool piscivore
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TABLE 1. Classifications of freshwater fish species known to occur in Idaho, Oregon, or Washington (fumilics listed alphabeti-

cally).
Adult Adult

Originby Owverall  Freshwater Freshwater
Family/Species Commoen Name State' Tolerance’ Habitut  Temperature Feeding
Gadidae
Lota fora burbot D, OR. WA i henthic cold piscivore
Gasterosteidue
Gasterosteus aculealts threespine stickleback OR, WA T hider cool invertivore
Ictaluridag
Ameiurus caus white catfish A T benthic warm  invert/piscivore
Ameitrns melas black bullhead A T hider warm  Ilnverl/piscivore
Amelurus natalis yeliow bullhead A T hider warm  Invert/piscivore
Ameirus nebulosus brown bullhead A T hider warnml  invert/piscivore
Ietalurus furcarus blue catlish A T benthic warm invert/piscivore
Ictalurus punctatus channel catfish A T benthic warm invert/piscivore
Noturus gyrinis tadpole madtom A T hider warm invert/piscivore
Pylodictis olivaris flathead caltlish A T benthic warm piscivore
Osmeridae
Hypomesis pretiosus surf smelt OR. WA S water column  cold invertivore
Spirinchus thaleichihys longfin smelt OR, WA I water column  cool nvertivore
Thaleichthys pacificus eulachon OR, WA [ water column  coel invertivore
Percichthyidac
Morane chrysops white bass A 1 water column  cool piscivore
Morone saxatilis striped bass A 1 water column  cool piscivore
Percidae
Percu flavescens yellow perch A 1 water column  cool invert/piscivore
Stizostedion vitreun: walleye A 1 water column cool piscivore
Percopsidae
Percopsis transimontana sand roller ID, OR, WA I hider cool invertivore
Petromyzontidae
Lasnpetra ayresi river Jamprey OR, WA I hider cool filter feeder®
Lampetra lethophaga Pit-Klamath brook lamprey OR [ hider cool filter feeder®
Lampetra minima Miller Lake lamprey OR H hider cool piscivore’
Lampetra richardsoni western brook lamprey OR, WA 1 hider cool [lter feeder®
Lampetra similis Klamath River lamprey OR 1 hider cool filter feeder’
Lampetra tridentata Pacific lamprey 1D, OR. WA 1 hider cool filter feeder”
Pleuronectidae
Platichthys stellatus starry flounder OR. WA 5 benthic cold invertivore
Poeciliidae
Gumbusia affinis western mosguitofish A T water column  warm invertivore
Poecilia mexicanu shortfin molly A T water column  warm omnivore
Poccilia reticulata Zuppy A T water column  warm omnivore
Xiphophorus helleri green swordtail A T water column — warm omnivore
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TABLE 1. Classifications of freshwater fish species known to oceur in Idaho, Oregon, cr Washingtlon (families listed alphabeti-

cally).

Family/Specics

Common Name

Salmonidae

Caregonus clupeaformis
Oncorftvachus aguabonita
Oncorhynchus clarki
Oncorhivnchus gorbuscha
Oncorhynchus keta
Oncorhiynchus kisurch
Oncorhynchis mykiss
Oncorhynchus nerka
Oncorlivachus ishawyischa
Frosopium abyssicola
FProsopium coulteri
Prosopivm gemmiferum
Prosopium spilonotus
Prosopium williamsoni
Salmo salar

Sabmo rrurta

Salvefinuy alpinus
Salvelinus confluentus
Salvelinus fontinalis
Safvelinus malma
Salvelinus namaycush
Thymallus arcticus

Umbridae
Novumbra hubbsi

lake whitefish
golden trout
cutthroat treut
pink salion
chum sulmon
coho salmon
rainbow trout
sockeve salmon
chinook salmon
Bear Lake whitefish
pygmy whitefish
Bonneville ¢isco
Bonneville whitefish
mountain whitefish
Adtlantic salmen
brown troul
Arctic char
bull trout
brook trout
Dolly Varden
lake trout
Arctic grayling

Olympic mudminnew

Adult Adult
Origin by Overall Freshwater Freshwater
State' Telerance® Habitat Temperature  Feeding
A 1 water column  cold invertivore
A S hider cold invert/piscivore’
ID,OR. WA 5 water column  cold invert/piscivore
OR, WA S water column  cold invertivore?
OR. WA S water column  cold invertivore®
ID, OR, WA S witer column cold invertivore”
ID,OR. WA § hider cold invert/piscivore
ID,OR, WA S waler column  cold invertivore®
ID, OR, WA S waler colomn cold invertivore®
D 1 water celumn  cold invertivore
D, WA 1 water column  ¢old invertivore
1D S water column cold invertivore
1D [ water column  cold invertivore
ID, OR, WA I henthic cold invertivore
A S water celumn  cold  invert/piscivore”
A I hider cold invert/piscivore
A S hider cold nvert/piscivore
[D,OR, WA 8 hider cold invert/piscivore
A 1 hider cold invert/piscivore
WA S hider cold invert/piscivore
A S benthic cold piscivore
A 5 water column  cold invert/piscivore
WA T hider warm invertivore

P A = alien (non-native, exotic, or introduced) to all three states. 1D = native to ldaho, OR = native 1o Oregon, WA = native to
Washington (Does not imply occurrence in all three states.)

*I = intermediate species. § = sensitive spectes, T = tolerant species
* recomnmended lor name change to nerthern pikeminnow (Nelson et al. 1998}
*recommended for name change to Unipqua pikeminnow (Nelson et al. 1998)
* charactenizes most of freshwater life

even though they are native to the state. In other
words, regional classifications may require modi-
fication when applied at local scales.

(3) A key consideration in developing metrics
or biotic indices is that they should detect arange
of conditions for the various water bodies assessed.
If metrics or indices fail to detect a range of con-
ditions, it may be a result of nondiscriminating
species classifications given the fish fauna present.
Before developing an index, the fish species present
and their classifications must be examined to en-
sure that a sufficient range of characteristics oc-
curs 1n the classifications of interest. 1f there are
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only sensitive native species present in headwa-
ter mountain streams, the overall tolerance and
origin classifications cannot be responsive to dis-
turbance. so substitute metrics will be needed.

(4) Although all life stages should be consid-
ered in making assessments about fish assemblage
integrity {Angermeier and Karr 1986, Northcote
1997), the number of young-of-year individuals
is largely stochastic (Yant et al. 1984) and such
variability adds an undesirable amount of error
into metric interpretation. In addition, survival of
young-of-year fishes into later age classes is a bet-
ter indicator than mere presence or even abundance
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Figure 1. State and regional patterns in origin, temperature. and tolerance attributes.

of young-of-year (Karr et al. 1986), especially in
species rich waters. However, where only one to
three species of fish exist, as is common in many
Pacific Northwest mountain streams, it is essen-
tial to collect and assess all life stages, simply to
determine if the site can support them all. The
emphasis in such cases should be on the pres-
ence of the life stages rather than attempting ac-
curate counts of all individuals.

(5) Sampling effort must be sufficient to ob-
tain nearly all species present in a reach at their
relative abundances, and fish collected must be
identified to the species level. This is especially
critical for sculpins, a family that is often identi-
tied only to genus. Examination of Table 1 indi-
cates marked differences in overall tolerance and
temperature preference among cottid species,
which is lost without accurate identification. Fish
ecologists should learn to identity all the tish spe-
cies in their study areas or collect specimens for
identification by experts.

{(6) Specimen vouchering is critical as a qual-
ity assurance and control measure. Museum speci-
mens are crucial for advancing our knowledge of
taxonomy and distribution. They also offer the
most irrefutable evidence of a collection, To be
most useful, specimens must be properly preserved
(kill in 10% formalin, slit specimens greater than
15 c¢m long, and provide ample space in jars to
allow for thorough tissue fixing). If’ specimens
are allowed to die and are preserved later, they
produce poor quality specimens. This is especially
true if the holding water and air temperatures are
warm. Collection sites must also be accurately
located, preferably by latitude and longitude, us-
ing a geographic positioning device so the data
can be easily manipulated in a geographic infor-
mation system,

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

Classification of Pacific Northwest Freshwater Fish 80




TABLE 2. Fxample of metric scores for the proportion of alien species, omnivorous species, and sensitive species from paired
wadeable (w) streams and large river (1) sites that represent disturbed and less disturbed physical or chemical habitats

in Idaho, Oregon, and Washinglon,

% Alicn % Omnivorous % Sensitive
Site and (type) Condition Individuals Individuals Species
ldaho
Malad River (w)' disturbed G0 47 ]
Little Wood River (w)? less disturbed 3 0 40
Snake River @ Buhl (1) disturbed 16 45 0
Snake River @ Flagg {I)* less disturbed 5 1 25
Orcgon
Spoon Creek (w) disturbed 100 0 0
Smallman Creek(w)* less disturbed 0 0 14
Willamette River @ Portland (17 disturbed 19 27 0
Willamette River @ McKenzic (1) less disturbed 0 45 23
Washington
Bone River (w)? disturbed 0 0 0
Mili Creck {w)© less disturbed 0 0 66
Yakima River @ Kiona (1)" disturbed 17 46 ¢]
Yakima River @ Umtanum ¢1)** less disturbed 0 32 14

! hlack bullhead, common carp, largescale sucker, redside shiner, smallmouth bass (Maret 1997).

2 prook trout, mountain whitefish, rainbow trous, speckled dace, Wood River sculpin (Maret 1997).

* chiselmouth, common carp, Jargescale sucker, mottled sculpin, northern squawfish, peamouth, rainbow trout, redside shiner.

speckled dace, Utah chub (Maret 1997).

4hroak trout, brown trout, cutthroat trout, longnose dace, mottled sculpin, mountain sucker, mountain whitefish, Paiute sculpin,
rainbow trout. redside shiner, speckled dace, Utah sucker (Maret 1997).

*largemouth bass, warmouth, western mosquitofish, white crappie, yellow bulthead (Hughes et al. 1998).

“Brown bullhead, cutthroat trout, redside shiner, reticulate sculpin. speckled dace. threespine stickleback, western brook lamprey

(Hughes et al. 1998).

*common carp, largemouth hass. largescale sucker, northern squawfish, prickly senlpin, reticulate sculpin, yetlow perch (Hughes

and Gammen [987).

% chinook salmon. chiselmouth, largescale sucker, mountain sucker, mountain whitefish, northern squawfish, Paiute sculpin,
peamouth, rainbew trout. redside shiner, reticulate sculpin, speckled dace, torrent sculpin (Hughes and Gammon 1987).

reticulate sculpin (Merritt et al. 1999).

W eoho salmon, cutthroat troul, 1iffle sculpin, speckled dace, torrent sculpin, western brook lamprey (Merritt et al. 1999).

“'hridgelip sucker. largescale sucker. mountain whitefish, northern squawfish (Cuffney ct al. 1997).
"bridgelip sucker. chiselmouth, largescale sucker, mountain sucker, meuntain whitefish, northern squawfish. rainhow trout (Cuffney

et al. 1997).

few comprehensive regional studies document-
ing the diets of fishes of the Pacific Northwest
and the temperatures at which they are most suc-
cessful. When and where sufficiently large data-
bases allow them, data analyses are needed along
eradients of habitat and human disturbance. Fi-
nally, better information concerning reproduction
and longevity might lead to additional attribute
classifications.
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In summary, we produced attribute classifica-
tions for the freshwater fishes of the Pacific North-
west and demonstrated their applicability in evalu-
ating 12 sites. Additionally, attribute classifications
were used to compare species richness, origin,
overalt pollution tolerance, and water tempera-
ture preference in Idaho, Oregon, and Washington.
We recognize that cur classifications will change
with further research and local applications. We




encourage additional study of life histories, aute-
cology, and distributional patterns of non-salmo-
nid Pacific Northwest freshwater fishes. We hope
this attribute classification will stimulate more fish
ecologists to assess entire fish assemblages. ei-
ther by direct application of these metrics or by
incorporating them in fish assernblage indices.
We also want this paper to stimulate criticism and
improvement of these classifications and encourage
communications by readers to further that end.
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