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Abstracl
This study had two objectives. The fi.st was to determine the use ofthe phlsical habitat by lhe 25 mosr common natire freshwater
fishes of Oregon, and the second was lo evaluate the use o{ a large computer database of museum records in lhe d€termination.
The database encompasses 2021 colleclions made by various field workers from 1880 to 1984. Statisticall) distinct habitat use
patterns appear for l7 of the species fo. temperature, l7 for substrate, l9 for strean width, and 22 for currenr velocit). Habitat
use idenlified from lhis slalislical evaluation is generally consistent with the subjective eyaluations of iield ichthyologists, and
the study revealed additional information for sohe species. A large comput€r database compiled from field notes of man) col
lectors allowed useful gene.alizations conc€rning species habitats, er€n ihough nelhods of collecting and recording differed
greatly. Such dalabases also permit greater quantificarion than is typical of species accounts and more robusl habitat descrip
tio.s than those gleaned fron a srnall number of site specific studies.

lntroduction

The objective of this paper is to examine, through
statistical analysis of a large computer database,
the use of certain aspects of the physical habitat
by common freshwater fish species of Oregon.
Evaluations of habitat use of many of these
species plus others are provided in several stan-
dard reference works (Morrow 1980, Moyle 1976,
Scott and Crossman 1973, Simpson and Wallace
1978, Wydoski and Whitney 1979). These habitat
descriptions are drawn largely from decades of
field experience by professional ichthyologists,
f rom in tens ive  re .ear ' "h  by  s tudents  e ramin ing
particular species in particular drainages (e.g.,
Finger 1979, Ikusemiju 1967, Mathews 1962), and
from laboratory studies of panicular species (e.g.,
Ferguson l95B).

We believe that statistical analyses of exten-
sive historical data on habitats of species and
their occurrences provide valuable supplements
to published material. Such analyses are general-
ly more defensible than qualitative evaluations
of f ield notes and offer greater geographic and
tempora l  corc ragc  than s tud ie .  o f  g iven  " i les  o r
clrarnages.

Methods

We compiled a database of more than 9000 col-
lections of freshwater and euryhaline fishes in
Oregon. These data were collected during the
past century and obtained frorn the ichthyo-
logical collections of the Departnent of Fisheries

and Wildlife, 0regon State University; the
University of Michigan Museum of Zoology
(UMMZ); and the California Academy of Sciences
(CAS) (Rexstad 1987). Eighty-six percent of the
collections lrere made since 1950.

The field collections from which the database
is constructed were rnade by many persons for
many different purposes. There was no standard
method of collecting or of assessing envrronmen-
tal conditions, and there were obvious biases for
season and locality. In the database, observations
of habitat-species relationships ranged from
detailed measurements of habitat for each col-
lected individual to broad characterizations of
the entire collection site generalized to individual
species. Although the database is more useful for
s tudy ing  spec ies  d is t r ibu t ions  and communi t ies
(Hughes el al l9B7) than for examining habitat
use patterns, we believe that the included data
on habitat provides useful information for the
most common specres.

The da tabase r "on ta ined in fo rmat ion  on  up
to 50 variables for each collection, including
aspects of geography, associated fauna, and
descriptions of physical and biological habitat.
These data were checked rigorously before be-
ing entered into the database and subsequently
scrutinized by automated error-detection soft-
ware. Variables subjected to analysis and the
numbers of collections for which each is record-
ed are the following: water temperature (l?92);
substrate composition (2021); stream width (1577)
and current velocity (18?6).
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Because rre lrere concerned with evaluating
use of particular habitat variables by particular
species, and did not wish to determine the por-
tion of a general environmental gradient along
which several species are distributed, we chose
chi-square analysis over principal components
analysis (PCA). Although PCA is an effective rool
for evaluating rnultivariate $adients (Felly 1984,
Matthews 1985, Crossman and Freeman 1987),
we considered chi-square more appropriate lo our
data, in that it allows greater opportunity than
PCA to assess the importance of individual
variables for particular species. Only four habitat
variables in the database represented a sufficient
number and quality of collecrions, precluding the
need to distill mathernatically a small number of
variables from the database. Also, spunous cor-
relations among species and habitat variables
that are masked by PCA (Beals l9?3) are more
clearly revealed by examination of the separate
variables in chi-square analysis. Finally, chi
square analysis provides a useful tool for examin-
ing habitat use ofindividual species rather than
guilds.

Chi-square was used to determine whether the
frequency with which a species occurred under
particular conditions differed substantially from
the hypothetical population frequency. The
distribution of observations over all species for
each habitat category served as an expected
dist bution of habitat. To test for departure from
expected distributions, chi-square tests for multi-
nomial data (Ostle and Mensing l9?5) were per.
formed for each species and habitat category.

Results and Interpretation

F r 6 ^ ,  ' 6 n ^ \ /  n f  . ) n n '  r r r a n n o

The frequency with which species appear in the
database reflects their ubiquity, the extent of
their distribution in Oregon and collecting effort
(Table l). Most species in Table I probably ap-
pear in relation to their availability to collectors.
The 7B4 collections of speckled dace, Riinicirils
osclrlus, document its ecological versati l i ty and
presence in nearly all drainages in the state. The
reticulate sculpin, Cottus perplerus, the second
most frequently collected species, is ubiquitous
in western 0regon, where 62 percent of the
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TABLE l .  The most f requent ly occurr ing f reshwater f ish
species in the Oregon database.

Col lec t ions

I

2

3

4

5

o

7

8

9

t0

l t

t 2

l 3

t4

1 5

t6

1 ?

1B

19

20

2 l

22

23

25

26

27

' ln t roduced species
'z lnchdes Lanp e t ra p aciJic o

collections were made. The rainbow trout, Sa/mo'

my&iss, although somewhat restricted ecologi-
ca l l1 .  i s  found in  near l l  a l l  d ra inages .  so  i t s
appearance as the third most frequently collected
species is not surprising. Two Klamath Basin
species (marbled sculpin, Cotlus klamathensis,
and blue chub, Gila coerulea\ represent an

lBecause the generic status ofthe native trouts ofrhe Pacific
drainage is currently under debate, but not ]et agr€ed upon
by systematic ichthyologists, we are conservatively using
Salno inst€ad oflhe recently used Parasalno, which appeare
to be a junior synonym oI Rhobd.ofurio, or Oncorhynchus,
to which th€se trouts may erenlually be referred. We accept
rhe prioritl of nr,hss o\et Eaidneri.

Sp€cies

Rhinichthys osculus

Richadsonius baheatus

Oncorhynchut kisutch

C atos t o nu s mac r o c heilus

P ty. ho c heilu s o I e I o n e n s i

O nco r b'nc h us h hauytsc ha

Lampetru t dentata

Rhinic h t hys c at at ac I ae

Cottus beLdingi

Acrocheilus alutaceus

Sdlno sp. Gedband lrout)

Cottus khmathensk

Ganerosteus aculeatus

C atos t o nu s .o lu n b ianus

Mic I op t e ru s s alno ide s'

Ictalurus nebulosus'

Lanpetn richanlsoni'z

784

660

6t2

531

416

366

348

332

306

286

25t
210

229

2t8

192

163

t49

t46

143

133

t26

I25

t22

l2 l

l 0 l

91

91



unexpected proportion because of an extended
project that resulted in 986 collections (l l per-
cent of the database) from the basin.

Native fishes dominate Table l. In fact, of
the 36 introduced species in Oregon, only six ap-
pear among the 40 most-frequently collected.
Most of the introduced fishes such as the cen-
trarchids, percids and ictalurids are panfishes or
sportfishes that have become established and
sometimes dominate in warm, lentic waters. The
commor carp, Cyprinus carpio, is abundant or
dominant in some sloughs, lakes and reservoirs.
Brorvn trout, Salmo trutta, and brook trout,
Saluelinus fontinalis, are successful in some
spring-fed and high altitude habitats. In a 1984
survey of 99 relatively undisturbed small streams
characteristic of rhe eighr Oregon landscape
regions, introduced species were found at l9 sites
and represented greater than l0 percent of the
individuals at l3 sites (R. M. Hughes pers. comm.,

Whittier el al. l9BB). In most undisturbed lotic
habitats in the state, native fishes are apparent-
ly competing well with introduced species.

Temperature
Most collections recorded in the database were
made during summer, the primary field season
for research; 90 percent of the records were from
April through Septernber. August collections ac-
counted for 23 percent of the total temperature
records. The expected distribution of species by
water temperatures (\ - 1792) was as follovs:
less  than 9 .9C.  16 .2  percent i  l0 -14 .9C.23.3  p" r .
cent; l5-19.9C,37.2 percent; and 20C or greater
23-4 percen. Of the 25 species included in the
srudy, eight showed insignificant (P > 0.05)
deviations from the observed distribution of
water temperature (Tables 2 and 3). The follow-
ing discussion pertains only to those species
shorving significant differences from random

TABLE 2. Chi-squate values for dislribution of the four habitat variables for each species. Asterisks indicate significance level
( '  P  <  0 . 0 5 , . r  P  <  0 . 0 1 , . * .  P  <  0 . 0 0 1 ) .

Specres Water Temperature Borton T)pe Stream Width Current Velocity

Acrocheitus alutaceus

Cat o st a mus c o lumb ianu s

C ato s t o nus nauo ch e ilu s

Cottus bebingi

Cottus hldmalhensis

Gdste r o ste us oc uleatu s

Gila bicolor

Lampetra icha soni'

Lampetro tidentota

Oncorhynchus Lisutch

Onco r hychus tshauyx cha

Ptych o ch e ilus o r e g o n e ns is

Rhinichthys catarcctae

Rhinichthys oscutas

Richardsonius baheatus

Salno nykiss

Salno sp. (redband trou0

2.7

3.9
12 .5 * .
12.0'.
3.0

?.7

1 t . 7 ' "

32.8'..
103.2".

5.8
1 .4

t . 8
I0.4'
I 1 .0 '
t . 7

10.2.

4.4
0.7
1 .8

t0.7"'

15 .9 . ' .
0.9

9.4**
6.9'

27 .5 . ' .
3.4
1 .3
1.,1
6.9'
0.5
6.6'

I 1 .3 * *

16.0..

t0.3
12.7.
15.6'"

160.5. ' .
I3.0'

8.3
0.8

10.0
14.3'

164.3"'"

t5.9..
4.8
7 .1

r5.9"

8.2*
0.7
9.4+'

7.5'

17.7".

3.6
9.8+l

7.0"

70.8'. '

5.6
8.8'
7.7.
8.3.

'Iacl es Lanpe|ra pacilica

Habitat Use of Fishes, Oregon 225



TABLE 3. Percent occunence of selected 0regon fresh{ater fish€s by {ate. tempe.ature (degrees C€ndgrade), soned in order
of increasing occurrence in cool warer (occurrence in 0.9.9). Asterisks indicate chi-square significance level (' P <
0 . 0 s , . .  P  <  0 . 0 1 , . . .  P  <  0 . 0 0 1 ) .

Sp€cies 0 9.9 l0-14.9 15  19 .9 20+

c. cotumbianus "."

S ny&*s
C. beldingi

S'almo sp. (redband trout) .

S. clarki '

L. richardsoni' "'

94
r03
50
30
29
52
12

2tl
t 5

l l 7
35
58
27
5 t
1 5
62
47
28
36
2 l
33

132
21
35
36

t792

4.3
6.8
8.0

10.0
r0.3
I 1 . 5
I  t . 9
r  1 .9
I3.3
13.7
t4.3
t7.3
18 .5
t9.2
20.0
20.0
2 l . 3
2 t . 5
22.2
23.8
27.3
31 . l
33.3
45.1
50.0

16.2

t2.2
19.,1
6.0

24.1
2t.2

20.9
13.3
26.5
I7 . l
19.0
44.4

13.3
33.9
36.2
32.1
30.6

27.3
31 .8
37.0
40.0
22.2

23.3

46.8
40.8
60.0
53.3
4 t . 4
46.2
33.3
37.9
46.7
40.2
42.9
41 .4
22.2
33.3
40.0
32.3
29.8
35.7
36.1
23.8
30.3
30.3
22.2
t4.3
25.0

36.2
33.0
26.0
20.0
24.r
2 t . 2
52.3
26.5
26.6
19 .7
25.7
22.4
14.8
9.8

26.6
13 .9
t2.8
10.?
l  l . 1
42.9
I5.2
6.8
7.4
0.0
2.8

23.4

tlnclfies L. pacilica

distributions, as estimated by our hypothetical
distribution calculated from the observations of
all species. The westetr. brook lamprey, Lampetra
richardsoni (includes Z. pacrfco), shows the nar-
rowest range; more than 85 percent of its collec-
tions are nearly equally divided between the
5-9.9C and l0-14.9C categories. That distribution
probably results from a preponderance of collec-
tions (68 percent) during its spawning season
(April and May).

The distribution of several species is skewed
torard cool water. Fifty percent of the collections
of coho salmon, Oncorhynchus kisutch, are at
temperatures between 0 and 9.9C;90 percent of
the collections of Cottus perplerus and Alettrarr
sculpin, C aleuticus, are nearly equally subdi-
vided among the three categories between 0 and
I9.9C. The temperature distributions of redband

trout, Solmo sp., and cutthroat ttott, S. clarlci,
are about 20 percent in 5-9.9C and 30 percent
to 36 percent in each of the next two higher
categories. Pacific lamprey, Lampetra tridentata,
and prickly sculpin, C asper, also are found in
cool $ater.

The I0-14.9C interval is typical for shorthead
sculpin, Corrus confusus, lorrenl sculpin, C.
rhotheus, and riffle sculpin, C. gulosus (44,37
and 37 percent respectively), but distribution
around this interval differs. More than 33 per-
cent of the C. rhotheus collections are in the
l5-19.9C interval and over 33 percent of C
gulosas collections are in the 0-9.9C range. C
confusus is taken about 20 percent of the time
in each of those two categories. There are a few
collections ol C. gulosus and C. confusus tn
waters warmer than 25C.
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Some species tend to be found rn warmer
water than these cottids. For example, 60 percent
of the longnose dace, Rhinichthys cataractae, col-
lections are from l5-19.9C water and 26 percent
from temperatures greater than 20C. The three-
spine stickleback, Gasterosteus acuLeatus, is
found about l7 percent of the time in l0-14.9C,
about 53 percent in l5-19.9C and 20 percent in
water warmer than 20C. The redside shiner,
Richardsonius balteatus, occttrs in watels warmer
than 14.9C about 74 percent of the time and in
waters cooler than lOC about ? percent of the
time. About 4? percent of the collections of tui
chrb, Cila bicolor, are from the l5-19.9C inter-
val, and about 36 percent from the 20+ inter-
val. G. coerulea appears in water warmer than
20C in 43 percent of the collections. The bridge-
l ip  sucker ,  Catos tomus co lumbianus ,  i s
significantly over-represented in rearm leater. It

is taken 85 percent of the time in water warmer
than l5C; more than 52 percent of the collections
are from water temperatures greater than 20C
(actually, nearly 7 percent from water > 25C).

Bottom type

Data for bottom type (n = 2021) were interyreted
and assigned to the following categories (number
in parentheses indicales percentage occurience
in the database over all species): "rubble"

(24.0%), which included bedrock, boulders and
rubble; "pebble" (57.2%),large to small gravel;
and "sand" (lB.B%), coarse sand to silt. More
refined categories are precluded by the quali-
tative nature of the data and the differing ter-
minologies used by collectors.

Seventeen species show sratistically distinct
patterns of substrate use (Tables 2 and 4). Cot
,&s species, except for C. asper and C. perplerus

TABLE 4. Percent occurrence of selected Oregon freshvater fishes by bottom tlpe, sorted in order of increasing occurrence
over rubble substrate. Asrerisks indicare chi-square significance level (+ P < 0.05, r+ P < 0.01, '+r P < 0.005).

Bottom Type

Species Rubble Pebble Sand

G. bicolar " '

S ny,h.r.s '

S. cLarki

C. gulosus "'

Sdlno sp. G€dband rrour) ' . '

C. klanathensis "'

O. xharytscha "'

C. beldingi ".'

Total collections

l 1 l
34
29
60
53

1 3 1
38
7 l
49
3 1
33

\s2
56

135
43

238
3 1
65
32
21
20
l8
43
63

202t

6.7
1t.7
I1 .8
r3.8
18.3
r8.9
t9.9
21.1
2t. l
22.4
22.6
24.2
24.3
25.0
25.2
25.6
26.1
29.0
29.8
3r.3
33.3
40.0
44.1
16.5
49.2

24.0

88.9
37.8
70.6
48.3
56.7
69.8
5r.2
47.4
54.9
61.2
14.2
75.8
60.5
60.7
65.9
58.1
59.7
67.7
66.2
56.3
33.3
40.0
50.0

36.5

57.2

4.4
50.5
t7.6
37.9
25.0
1 t . 3
29.0
3 l . 6
23.9
16.3
3.2
0.0

t5 . l
14.3
8.9

I6.3
14.3
3.2
6.2

t2.5
33.3
20.0
5.6
0.0

14.3

r8.8

tlncludes L. potilica
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usually are found over coarse substrates; C 6per
is found frequently on sand and C. perplexus ap-
pears not to discriminate. Pacific salmon, On-
corhynchus spp.,.tslally are collected over coarse
substrates as is the redband trout and, to a lesser
extett, Salmo mykiss. Lampetra richardsoni and
L. tridentata arc taken about 70 percent over peb-
ble substrate. Gasterosteus aculearzs is collected
over fine bottom materials in 38 percent, and Cila
6icolor in 50 percent of the collections. RicAard-
sonius balteatus also tends to be found over fine
substrate. G. coerulea, whi.ch feeds in the water
column, appears not to discriminate among the
three bottom types. Eight species show insignifi
cant (P > 0.05) deviations from the observed
distribution of bottom type.

Stream Width

Because stream widths reported in the collections
were usually estimates, we categorized the data
into broad lOm increments. We felt these cate-
gories would offer meaningful estimates of
stream sizes for the species examined. The ex-
pected distributions (over all species, n = 1577)
are 0-9.9 m, 61.1 percent; l0-19.9m,20 percent;
greater lhan 20m, 18.7 percent (Table 5). Dis-
tributions of Ca.to stomus columbianus ; Cott us
aleuticus; Pai.rre sculpin, C beldingi; Gaster-
osteus aculeatus; Gila bicolor; Rhinichthys cata-
ractae; R. osculus and Richardsonius balteatus
are not significantly different from the expected
(P > 0.05, Tables 2 and 5).

TABLE 5. Percent occurrence of selected 0regon freshwarer fish€s by stream widtb (meters), sorted in order of infieasi.g oc-
curr€nce in srreams < lon wide. Asterisks indicate chi-square significance level (' P < 0.05, '* P < 0.01, ."

P < 0.005).

width (m)

Species 0,9.9 l0-19.9 20+

C. klanathensis "'

C. nauocheilus 1+1

C. bel.dinsi

O. tshauytscha *'*

G. bicolor

C. gulosus '

S n/iss "

L. richard.sonit "'

Salno sp.  ( redband t rout ' t .

Total  col lect ions

16
t9
29
52
2a

5 l
33
50
10
24
52
88
3 I
38
28
73
30

l9 l
32

t 1 9
t2l
27
36
60

t577

r8.8
36.8
37.9
38.5
39.3
46.7
47.0
48.6
50.0
50.0
s0.0
51 .9
53.,1
54.8
57.9
58.?
63.0
63.3
68.6
7r.9
74.8
76.9
85.2
86.r
96.7

6 r .  t

18.9
15.9
37.9
34.6
18.0
28.9

24.3
28.0
40.0
29.1
30.8
2l.6
16.2
2 t . 0
17.8
19.2
16.7

18.8
17.8

1 1 .  t
I  l . l
3.4

20.2

62.6
47.4
24.\
26.9
12.9
24.5
r7.7
t8.2
22.0
t0.0
20.9
t7.3
25.0
29.0
21.0
2 t . 4
t7.8
20.0
t4 . I
9.4
7.5
7.4
3.1
2.8
0.0

18.7

l lnc ludes L pacr lco
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Except for redband trout, which occur in isolated
dese mountain streams, all species are found
across the entire range of stream widths. The red-
band t rou t  i s  taken a lmost  exc lus i rp l )  in  s t rcams
less than l0m wide. Also, Collas grloszs is found
72 percent of the time in streams less than l0rn
wid.e and Salmo mykiss, C. perplexus, Lampetra
richardsoni, and S clarli are collected in streams
less than lOm wide 75,78, 85 and 86 percent of
the time, respectively.

Some spec ies  are  s ign i f i can t ly  over -
represented in large water bodies. Collections of
chiselmouth, Acrocheilus alutaceus, Cott s
klamathensis, and Gila coerulea d.eviate from the
expected distribution in that more than 40 per-
cent of the collections come from water bodies
wider than 20 m. Northern squawfish, Plycio
cheilus oregonensis, Cottus asper anrl largesca\e
stcker, Catostomus nacrocheilus also are
significantly over-represented in Iarger streams,
Cottus confusus; C. rhotheus; chinook salmon,

Oncorhynchus tshau,yscha; O. kisutch ar.d
Lampetru tidentato were collected significanr
ly more often from slreams in the middle-width
caregory.

Current velocity
Field nolle,'tors usuall l maLe subjectivc estimates
of current velocity; only occasionally do they
measure it. Because most records are based on
subjective estimates, we express the data as
"slov," "moderate," or "swift," lr ith the three
categories corresponding to 0-0.4 meters per sec-
ond (mps),0.5-0.9 mps and over 0.9 mps, respec-
tively. Estimates of actual velocity are derived
from measurements discussed by Bond (1963).
Estimates of velocity reported in the database (n
= 1876) are distributed evenly: 30.7 percent slow,
32.9 percent moderate and 36.4 percent swift
(Tables 2 and 6). Collections ol Catostomus co-
lumbianus, Cottus perplexus and Rhinichthys
osculus do not differ significantly from these
percenrages.

TABLE 6. Percent occu.rence ofselected Oregon freshwater fishes by current velocity, sorted in order of increasing occurrence
; n s w i f i r a t e r . A s t e r i s k s i n d i c a t e c h i ' s q u a r € s i s n i f i c a n c e l e v e l ( ' P < 0 . 0 5 , " P < 0 . 0 1 , ' + ' P < 0 . 0 0 5 ) .

Spec ies Moderate

C. b icolor  " t

S. clorki '

C. macrocheilus '"

P. oregonensis *"

C. klomathensis "'"

Sdlno sp. (redband rrour "+

S nyi*s '*

C.  beld ingi ' " '
O .  L i s u t c h ' + '

O. tshouy^cha "'

Total collections

22
2a
85
42
36
70
6 l

t27
32
20

228
62
28
30

I43
48
43

t26
36
5',1
47
3 l
56
3 t
l 5

18?6

t8.2
t9.9
20.0
23.8
25.0
25.7
26.6
26.8
28.\
30.0
32.9
33.3
35.?
36.7
38.5
39.6
44.2
44.7
50.0
54.4

58.1
58.9
6 l . 3

36.4

31 .8
28.6
30.6
40.5
33.3
30.0
23.0
29.r
28.1
20.0
46.0
50.0
50.0
43.3
39.2
33.3
39.5
38.9
38.9
t7.5
31 .9
32.3
30.4
38.?
0.0

32.9

50.0
53.6
49.4
23.8

44.3
50.8
44.1
43.8
50.0
31 .3
16 .1
14.3
20.0
22_4
27.1
16.2
17.9
I  I . I
28.1
10.6
9.7

r0.7
0.0

26.7

30.?

lhcl:udes L. pacif.ca
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Some species appear to inhabit slow water.
More than 53% of the collections of Gasterosteus
aculeatus are from slow water, and collections of
Cot t us klamat hc n sis, Pt yc h oc h.i lu s o regon e nsis
and Gila coeruLea are 50 percent from slow cur-
rent. Species collected 40 percent to 50 percent
from slow curent are C. bicolor, Catostomus
macroche i lus ,  R ichardson ius  ba l tea tus ,
Acrocheilus alutaceus, and Cottus usper.

Species that tend significantly toward
moderate current are Cottus gulosus and Salmo
sp., both taken 50 percent of the time in
moderate and less than 40 percent in fast \.eater.
S. clar&i also occurs in moderate currenr ro a
significant degree, with occurrence in swift and
slow rater 23 percent of the time. Thrpp speeies.
C, rhotheus, Lampetra richard,soni ard S. mykiss,
show collections about 40 percent in moderate
current and 44 percent ir fasl. Cottus beld,ingi,
C. aleuticus, L, tridentata and Rhinichthys
cataractae are sirll'ilar; only l0-l I percent of the
collections are in slo\,r water with 50 to 60 per-
cent in swift water. Oncorhlmchus kisutch collec-
tions are bimodally distributed:28 percent in
slow water, lB percent in rnoderate water and 56
percent in swift water. This may be explained by
the occurrence ofjuveniles in the pools or pocket
water of fast streams. There is a similarity to this
in the distribution of the 15 collections of O.
tshauytscha, also mainly juveniles. There are no
collections recorded from slow vater for C con-
/asas, which is taken 6l percent of the time in
fast water.

Discussion

Native species outnumber introduced species in
most of the largely natural 0regon water bodies
sampled. These findings support the conclusions
of Leidy and Fiedler (1985), Minckley (1973), and
Moyle and Nichols (1973). Their work showed
that introduced species tend to disperse and
dominate in highly disturbed habitats. However,
a much more quantitative assessment of numbers
and biomasses of species is needed before any
conclusive statement is possible about the relative
success of native and introduced fish in 0regon.

Results of this analysis appear consistent with
previous descriptions of several of the species
considered (Li et al 1987, Moyle l9?6, Wydoski
and Whitney 1979). For many other species, ad-
ditional knowledge is provided because so l itt le
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was published previously. This approach
demonstrates how certain species, such as R[i-
nichthys osculus, can be considered as habitat
"generalists." Such species show no significantly
distinct patterns for any of the four variables
studied; they occur in a wide variety of habitat
conditions. Catostomus columbianus and Cottus
perpletus can be considered current/substrate
generalists. Richard,sonius balteatus appears lo
be a thermal/stream-size generalist. 0ther
species, such as Cottus confusus and C, gulosus,
have very specific habitat requirements.

Two recent papers propose models for species
distribution and abundance. Our data, based on
comrnon species, could not be used to evaluate
Hanski's (1982) satell i te species or Matthews'
(1985) rare-habitat specialists and rare-habitat
generalists hypotheses. Data for the commorl
species, however, reveal common-habitat spe-
cialists (Oncorhlnchus kisutch) and common-
habitat generalists (Rhinichthys osczlas) as de.
fined by Matthews. R. oscuLus cannot be con-
sidered a core species as defined by Hanski. Core
species are regionally common and locally abun-
dant, but well-separated in niche space, which R.
osculus is not.

The chi-square analysis is useful for analyz-
ing habitats of individual species. Although we
analyzed each habitat variable separately, we did
not assume they vere independent. The group-
ings of most species in Tables 3-6 reveal the ex-
pected habitat guilds (warm water, fine substrate,
large streams, low velocity versus cool water,
coarse substrate, small streams, high velocity, ver-
sus intermediate conditions). Some species (e.g.,
Gila bicoLor and Cottus confusus) do not fit these
guilds. G. bicolor is significantly over-represented
in waters of warmer temperature, lower velocity,
and sandy substrate, but does not differ signifi-
cantly from the expected stream-width frequen-
cy. C- confusus rs significantly over-represented
in waters of moderate temperature, pebble
substrate and moderate rvidth, but in swift, rather
than moderate, velocity vaters. Such habitat use
patterns would not have been revealed by PCA.

The database provided a general, statewide
oveniew of statistically distinct patterns of f ish
habitat use. This type ofanalysis provides mean-
ing fu l  ins igh t "  about  the  gencra l  hab i ta t -use  pa t -
terns of species. Intensive studies of a species'
habirat in particular drainages may not be ap-
plicable throughout the species'range. This is



because a species may occupy a wider range of
habitats than is evident from a study in a par-
ticular drainage, It is useful to compare regional
habitat use patterns just as taxonomists and
systematists compare morphometric and meristic
characteristics of f ish collected across large
geographic regions. Incipient speciation may be
indicated where a regional analysis demonstrates
clear differences between distinct populations of
a species.

A computer system for storing and retriev-
ing biological field data for the entire nation has
been developed by the U.S. Environmental Pro-
tection Agency (BIOS, Lamborne 1986). BIOS
allovs scientists to analyze rapidly species habitat
use patterns on a nationwide basis. Detailed
analyses of fish habitat data on this scale await
data storage. Such analyses could improve the
form of habitat suitability cunes used in Habitat
Evaluation Procedures (HEP, U.S. Fish and
Wildlife Service 1980) and could encourage
greater consistency among state fish books. 0r-
nithologists have been using nationwide
Christmas and breeding bird counts for several
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