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Abstract

From 1931 to 1942 the Bureau of Fisherfes surveyed more than 8,000 km of streams in the Columbia River basin to determine
the condition of fish habitat. Changes in fish habitat over lime were evaluated by resurveving a subset of the historically surveved
streams in the Tucannon, Azolin, Grande Ronde, Yakima, Wenatchee, and Mothow river hasins fram 1990 to 1992, Historical
reviews show many streams as degraded from past land management praclices te.g.. timber harvest, splash dams. stream ehanneli-
zation, livestock grazing, and mining) before the 1930s. Our basin resurveys show a deercase in large pools {2 20-m? area and
Z 0.9-m depth) in managed watersheds (muliple-use. p < .05}, while large pools in unmanaged walersheds remained the same
or increased (p < .03). Results for these six river basing suggest a regional pattern 1o this change. Large pools inereased in the
Mid-Columbia region (Yiakima. Wenatchee, and Methow hasing: p < .03) regardless of management history, with the increase
being twic

as greal in unmanaged walersheds, In the Blue Mountain region {Tucannon, Asoiin. and Grande Honde basins), large
peols decreased significantly (p < .05). The current lrequency of coarse woody debris was significantly higher (p < .03) in un-
managed thun in managed basins. Differences in land-use histories for the mid-Columbia and Blue Mountain regions partially ex-
plain current fish habitat conditions and the declines in anadromous fish runs. Strategies 10 protect, restore, and maintain anadromous
and resident fish habitat need ceosystem approaches Lhat protect as well as restore the remaining habitats.

Introduction woody debris {CWD) along with sediment, espe-
cially in small, permanently and seasonally flow-
ing streams that may not hold fish. The c¢reation
and maintenance of productive aguatic ecosyslems
depends on maintaining the connectivity between
stream, riparian, and upland arecas. This connee-
tion is particularly strong in mountainous regions,

In this paper we examine changes to fish habital
in selected river basins of eastern Oregon and
Washington since the 1930s. The Pacific North-
wesl Research Station (PNW) has used Bureau of
Fisheries (BOF, now National Marine Fisheries Ser-
vice) fish habitat survevs condueted rom 1934 to

1942, with current survevs, to detect changes in
pool and substrate conditions over the past 60
vears. To provide context and possible explana-
tions for changes in fish habitat. we examined the
land-use history of these basins. Additional histor-
ical information about the ecological health of river
basins in eastern Oregon and Washington is given
in Wissmar ef al. (1994a.h}.

Slream ecosystem inlegrity 1s coupled to the
condition of upland areas and adjacent riparian
arcas (Gregory ef al. 1991, Naiman et al. 1992).
Riparian arcas are sources of organic maller (¢.g..
coarse woody debris, litter), which forms the energy
and nutrient base for many aqualic organisms. In
addition, riparian areas strongly influcnce water
temperature. Upland areas also provide coarse
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Pools and substrale composition are critical
habilat components for anadromous salmeonids (On-
corfynchus spp.) in all phases of their freshwater
life: histories. Pools provide rearing habitat for ju-
venile fish, resting habital for adult fish (Bjornn
and Reiser 1991), and refugia for adults and
juveniles from natural disturbances, such as
drought, fire, and winter icing (Sedell et al. 1990).
Substrate composition affects the quality and quan-
ity of spawning habital, the availability of summer
and winter cover for juvenile fish, and aquatic
productivity (Bjornn and Reiser 1991). Salmonids
are particularly sensitive 10 the cffects of fine sedi-
ments (<0 mm) in spawning gravels (Bjornn and
Reiser 1991, Fverest et al. 1987). A considera-
ble bedy of literature has shown the detrimental
elfeets of fine sediments on salmonid reproduction
(Chapman 1988, Everest e al. 1987).

Decreased pool and substrate quality and quan-
tity also allect aquatie biodiversity. The loss of fish
habitat diversity caused by land-use practices alters
fish community composition and reduces species
diversity (Bisson ef al. 1992, Bisson and Sedell
1984, Reeves ef al. 1993). Research on Oregon
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coastal streams (Reeves et al. 1993) showed thal
spectes diversity in logged basins is lower than in
similar, unharvested streams.

The scientific community agrees on the fune-
tional role of CWD in creating and maintaining
high-quality fish habial (Bisson ez al. 1987, Hicks
et al. 1991, Sedell et af. 1988). Course woody de-
bris serves a wide array of physical and biological
funclions in stream ecosystems. In addition to cover
and habital complexity for fish, it also provides for
scdiment storage, channel roughness, reduced ero-
sional effects of high flows, and enhanced pool de-
velopment and maintenance. Several studies have
shown that the loss of CWT) causes reduced
salmonid production (Bisson ef al. 1987, Everest
et al. 1985).

“Forest health,” as it is generally percetved, is
focused on the issue of dead and dying trees. To
transcend this perception, managers and researchers
must sce the picture of lorest health as one of wa-
tershed health. fully recognizing the intricate link-
ages between aguatic and terrestrial ecosystems.
Stream ecosystems ave the ultimate inlegrator of all
watershed disturbances. If management plans aimed
at restoring eastside forests fail to recognize and pro-
tect the eritical linkages belween terrestrial and
adquatic ecosvslems, the “health™ ol siream ceo-
svstems and fish populations will continue to decline.
Traditional approaches Lo siream restoration (i.e..
in-siream structures} are at best bund-aid measures
with a high degree of uncertainty lor success, es-
pecially in damaged systems (Beschta el al. 1991,
Frissell and Nawa 1992, Li ¢t al. 1992). Protecl-
ing aquatic ceosystems is by far the most efficient,
cost-effective, andd lowesl-risk strategy to ensure long-
term sustainability of these ccosystems (Reeves et
al. 1991, Reeves and Sedell 1992). Management
musl center on a long-term. holislic approach that
protects and maintains ecological processes at the
scale of large watersheds (Nalman et al. 1992,
Wissmar et al. 1991h).

Scdell and Everest (1990), Mclntosh (1992)
and McIntosh et al. (1991) have documented
changes in the quality of fish habitatl since 1934,
The primary change has been the loss of large
pools (220-m* area and =0.9-m depth) in
watersheds managed for multiple use. These
changes appear to be due 10 the elleets of land-
management activities, such as timber harvest, live-

slock grazing, agricullure, and mining. Multiple
sludies have documented the effeets of land
management activities on ecosyslem processes and
tunctlions, such as increased sedimentation, mass

failures, and peak Mows, as well as decreased
CWD, bank stability, habital complexity. and wa-
ler quality (Mcchan 1991).

Recent listing of chinook (Oneorhynchus
tshawytscha) and sockeve salmon (0, nerka) in the
Snake River basin under the Endangered Species
Act (ESA) makes il imperative that a comprehen-
sive, integrated approach to watershed health be
initiated. In addition, the American Fisheries So-
ciety has documented 76 native anadromous
salmonid stocks in the Columbia River basin that
are at a high or moderate risk of extinetion (Nehl-
sen et al. 1991}, Over 200 siocks are already ex-
tinet in the Columbia River basin (Nehlsen et al,
1991}, Status of resident fish, such as bull trout
(Salvelinus confluentus). which are being consid-
ered for listing under ESA throughout their range
in castern Oregon and Washington. must also be
fully considered.

Many fuctors have contributed 10 the demise
of these Nish species. They include habitat loss and
degradation, influence of hatchery practices, over-
exploilaticn in sport and commercial fisheries, and
impediments to upstream and downstream move-
ment by hydroeleciric dams (Nehlsen et al. 1991,
Northwest Power Planning Council 1986, Williams
et al. 1989). These factors have not affecled fish
survival singularly, but cumulatively.

Increased survival in freshwater habitat, along
with improved passage and reduced harvest, will
be eritical to the survival of these fish stocks. Fish
habitats currently in good condition need protec-
tion and degraded habitats need restoration. Both
proteetion and restoration are critical companents
of any ecosystem management plan developed to
deal with forest health in river hasins. Streams need
less fine sediment, more shade, and increased hah-
itat complexity to restore fish habitat to conditions
that will support sell-suslaining fish populations.
Current strategies to protect and restore streams
{Anderson et al. 1992, Hewjum et al 1994,
USDA 1993) call for enlarging riparian buffers,
reducing road densities, and eliminaling or redue-
ing livestock grazing and any other activitics
detrimental 1o stream ecosystems.

Materials and Methods

Bureau of Fisherics stream surveys, Logether with
resurveys, have been used by the PAW 10 delect
changes in fish habitat in the Columbia River ba-
sin since 1934, We compared current surveys with
the BOF surveys to detect changes in pool and sub-
strate  composition in the Blue Mountain and
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Mid-Columbia regions. In addition, resurveys were
used to evaluate currenl amounts of CWD in
streams throughout the two regions.

From 1990 to the present. PNW examined
streams across a broad range of geologic condi-
tions, land ownerships, and land-use histories
(Mclnlosh 1992, McTntosh ef al. 1994, Sedell and
Everest 1990). In conducling the resurveys, we
attempled lo cxamine streams across the Pacific
Northwest to encompass as much variation as pos-
sible. This study does not account for the differ-
ent potential of watcrsheds to create and maintain
fish habitat because of differences in hedrock, soils,
climate, stream discharge, vegetation, and struc-
ture. Ongeing research is being conducted in an
atlempt 1o analyze these results based on the in-
herent differences in watersheds.

Fish Habitat Surveys

The BOF surveys were initated to determine the
condition of streams in the Columbia River basin
that provide potential spawning and rearing habi-
tat for anadromous salmonids (Rich 1948). These
records are the earliest and most comprehensive
decumentation of the condition and extent of
anadromous fish habitat available. The BOF sur-
vevs systematically inventoried more than 8,000
km of streams in the Columbia River hasin from
1934 t0 1942,

Rich {194.:8) provided a detailed deseription of
methods used in the BOF surveys. Data for the
BOF surveys were systematically collected at con-
tinuous 100-yd intervals for the entire seetion sur-
veyed, generally from the mouth to the upstream
extent of anadromy. Within each 100-vd unit, the
surveyors estimated channel width., estimated bol-
tom substrate composition by size-classes and per-
centage per class, and counted the number of pools
by size-class.

Historically surveyed streams were resurveyved
by using the Hankin-Reeves method (TTankin and
Reeves 1988). This sampling technique involves
stratifying streams aceording to channel units (e.g..
pool, riffle. glide). Channel units for the resurvey
were based on morphological characteristics rather
than on an arbitrary length, as were the BOF sur-
veys, The Hankm-Reeves method provides data
that arc comparable with the BOF survevs,

To examine changes in fish habilat over time,
we classified individual streams according 1o the
land-management history of the basin, Basins were

classified as either managed or unmanaged.
Managed basins were predominantly multiple-use
areas (e.g.. for timber, livestock, agriculture, and
mining production). Lnmanaged basins were
minimally affected by human disturbance (i.e.,
wilderness and roadless areas). We recognize thal
many unmanaged basins werce affected by grazing
and mining historically. In the absenee of suitable
data, we surmise that grazing usc has declined in
unmanaged basins similar 1o managed basins.

Pool Habitat

Analysis of changes in pool habilat was based on
large pools (2 20-m* area and = 0.9-m depth). To
account for hvdrologic variability and provide a
conservative estimale of changes in pool frequen-
cics, we effected an intentional bias by discarding
marginal pools from the BOF surveys and includ-
ing marginal pools in the resurvevs, In the BOF
surveys, marginal pools were those noted as shal-
low or small and were not included in the analy-
sis. Marginal pools added to the 1990 1otal were
large pools (=0.8 m depth}. In effect, the data
represent two biascs: a bias for fewer pools histor-
icallv and a bias toward more pools in the resur-
veys. A lwe-sample #-test was used Lo compare pool
frequencies between the BOV surveys and the
resurveys.

Substrate Composition

To assess changes in substrate, we compared mean
substrate composition, dominant substrate, and fine
sediments between the two survevs. One signifi-
cant failure of both surveys is the lack of an error
term for estimates of substrate composition. Bolh
the BOF and current estimales were not corrected
for obscrver bias, eliminaling any means of quan-
Lfving the variability associated with the cstimates.
This limits the usefulness of the data to determin-
ing trends in substrate conditions.,

Coarse Woody Debris

In the resurveys data were collected on the quan-
tity of CWD in channels. The BOY survey did not
collect data on CWD. We counted the number of
pieces and noted the positions of CWD as single
picces or in jams (= (\wo picces). The minimum
size for CWD was = 0.1-m diameter and = 2.0-m
length. A two-sample #-test was used 10 compare
the frequency of CWD in managed and unmanaged
hasins.
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Figure 1. Map of study basins and surveved streams in castern Oregon and Washington.

Land-Use History

The available records of land-use historv far the
study basins, along with more general regional
records, were examined to characterize the land
management history hefore and after the BOF sur-
veys. The disturbance history provides the context
for identifying petential causal mechanisms for
changes in fish habitat. The information coemple-
ments the land-use and disturbance history avail-
able from both public and private sources
(Wissmar et al. 1994b).

Study Area

It this study, we examined river basins in eastern
Oregon and Washington where resurvevs were con-
ducted between 1990 o 1992, These resurveys
included portions of the Tucannon, Asotin, Grande

Ronde, Yakima, Wenatchee, and Methow 1iver ba-
sins. We separated these river basins into two
regions for further comparison. The Blue Moun-
tain region consisted of the Tucannen, Asotin, and
Grande Ronde basins. and the Mid-Columbia re-
gion contained the Yakima, Wenalchee, and
Methow basins {Figure 1}

Blue Mountains Region

Tucannon River basin. The Tucannon River basin,
in southeast Washington, drains an arca of 1,300
km*. The BOF surveyed the Tucannon River and
ils major tributaries in 1935; the resurveys were
limited to the Tucannon River. More than 70% of
the basin is private land. and the remainder is pub-
lic land. Headwater portions of the basin are
wilderness areas, and the forested reaches below
the wilderness are managed for multiple use by
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the Forest Service. From the Forest Service bhound-
ary Lo the mouth, the remainder of the basin is pri-
vule land. Privale lands are managed
predominantly as dry croplands and rungelands
{USDA Soil Conservation Service 1991).

The basin supports summer steelhead (0.
mykiss} and spring chinook; spring chinook is listed
as threatened under the ESA, and summer stecl-
head is listed as a species of special concern by
Ncehlsen et af. (1991). Historically the Tucannon
supported coho salmon (0. Aisutehj, which is now
exlinct in the basin, Bull trout is also found in the
upper portions of the basin.

Asotin Creef basin. Asotin Creek is in south-
east Washington, draining an arca of 828 km?. The
upper mountaineus, forested portions of the hasin
are managed for multiple use by the Forest Ser-
vice. Lower portions of the basin are private and
are used (or dryland crops and rangeland (LUSDA
Soil Conscrvation Service 1991},

The Asotin basin supports spring chinook and
summer steclhead. Spring chinook is listed as
threatened under the ESA. and Nehlsen et ol
(1991} list summer steelhead at a moderate risk
of extinetion. Current populations of anadromous
fish in the Asolin basin are far below historical
levels.

Grande Ronde River basin. The Grande Ronde
River basin. in northcast Oregon, encompasses
~12.810 km*. The BOF survevs were limited 10
the upper portion of the basin, from the Grande
Ronde valley to the headwaters. Ahout 50% of the
Lpper Grande Ronde River basin is public land
managed by the Forest Service: most of the land
is mountainous and timbered. The valley hottoms
are predominantly privately owned, and the pri-
mary uses are livestock grazing and agriculiure
{Mclntosh 1992, Northwest Power Planning Coun-
cil 1990),

ITistorically. the Upper Grande Ronde River
basin had large runs of anadromous salmonids,
The basin supported spring chinook, ccho, and
summer steelhead (Northwest Power Planning
Council 1990). These runs have been reduced to
a small fraction of their pre-development numbers.
with coho being extinet in the Grande Ronde and
spring chinook listed as threatened under the ESA.

Mid-Columbia Region

Yakima River basin. The Yakima River basin, in
south-central Washington, drains an arca of
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15,942 km?* More than 60% of the land in the
Yakima basin is publicly owned, and the remainder
is in privale ownership. lrrigated agriculture is the
currenl cconomic base, with livestock production
and forestry also contributing to local economies
(Northwesl Power Planning Council 1989),

Historically, the basin supported summer stecl-
head. coha, chinook, and sockeve salmon. Pre-
development run sizes (pre-1870) were estimated
at 790,000 adults {Northwest Power Planning
Council 1989, Table 1). By the turn of the cen-
tury, most runs were depleted. with eoha and sock-
eve near extinetion (Uebelacker 1980). Currently,
eoho, summer chinook, and sockeye salmon are
extincet in the basin. and summer steclhead, fall,
and spring chinook are listed as stable (The Wilder-
ness Socicty 1993).

Wenatchee River basin. The Wenatchee River
basin is in north-central Washington; it drains an
area of 3,437 km?. The basin is about 80% pub-
lic land, mostly in the mountainous, f{orested
regions, rrigated agriculture, along with livestock
and forestry. is the current economic hase,

Historically, the Wenalchee had large runs of
steclhead, chinook. and sockeve sahmon, as well
as a small coho salmon run. Coho were extinet in
the: basin by the 1940s. Recent research (Mullan
et al. 1992) suggests that current wild run sizes
appear to be similar 1o historical populations {Ta-
ble 1). Although the current population scems sta-
ble. the species composition of the run has shifted
significantly. Chincok salmon comprise most of the
run; sockeye salmon populations are reduced and
coho salmon are extinet in the basin, Summer stecl-
head is listed as a species of special concern by
Nehlsen et ¢l {(1997) primarily because of the of-
fects of hatchery introgression.

Methow River basin. The Methow River basin
is in north-central Washington;: it drains an area
ol 4662 km?. About 80% of the basin is public
land managed by the Forest Service, predom-
inantly in the upper portions of the hasin, The lower
portions are privately owned. Logging and livestock
production is the economic base of this sparsely
populated basin, with fruit orchards also playing
a significant role {(Mullan et al, 1992),

Belore settlement by Euro-Americans, the
Methow supported significant runs of chinook and
coho salmon, along with steelhead, with coho he-
ing the most abundant (Mullan ez af. 1992, Table
1). Currently. chinook salmon and steelhead
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TABLE 1. Estimates of historical salmon and steclhead runs
in the Yakima, Wenatchee, and Methow River ba-
sins (Northwest Power Planning Conneil 1989, Mul-
lan et al. 1992).

Run size

Speciesirace Higtorical Present
3

Yukima River Basin 790,000 T.018
Wenatchee River Basin 280.600 306.700"
Methow River Basin 63.800 a1 100

“Based on mean run size lor all anadromous salmonids from
1983 10 1987,
YBused on mean run size for all anadromous salmonids from
1967 to 1987,
“Based on mean run size (or all anadromous salmonids from
1967 to 1987,

remain, and coho salmon are extinet in the basin.
Mullan et al. 11992) suggest thal current runs ex-
ceed the historical runs in the Methow basin, with
chinook replacing coho (Mullan et ol 1992). Wild
steelhead s lisled a1 a high risk of extinction by
Nehlsen et @l (1991) primarily because of the im-
pacts of irrigation and hatchery introgression.

Resulis

Changes in fish habitat in castern Oregon and
Washington (Table 2} were similar 1o the results
lor the Columbia River basin (Tuable 3). The trend

towards deercased pool [requencies in managed
walersheds was not significant (p > .03) but
showed a regional pattern. Pool frequencies In un-
managed  walersheds  increased significantly
(2.0-53.9 poolstkm, p < .05} (Table 2}. Trends in
substrate composition were variable. The survey
resulls indicated that the frequency of CWI was
significantly greater (p < .03} in unmanaged
walersheds (Table 4}. In the following seclions, we
examine the changes in individual river basins 1o
further illustrate these changes.

Blue Mountain Region

The PNW, in cooperation with Orcgon Stale
University., resurveved 260 km of streams in the
Blue Mountain region from 1990 10 1992 in the
Tuecannon. Asotin, and Grande Ronde basing. The
surveved slreams went from headwaters 10 low-
gradient, alluvial rivers, across both public and pri-
vate lands. None of the streams surveyed in the
Blue Mountain region could be classitied as un-
managed, leaving no minimally disturbed bench-
mark against which to evaluate change.

Pool Habitat

Resurveys in the Blue Mountain region show that
the frequency of pools deercased by 57% (mean
= 5.6 1o 2.1 pools/km, p < .05, Table 5) in
managed walersheds. The Tucannon River was the

TABLE 2. Changes in the frequency of large pools for streams in managed and unmanaged walersheds of selected river basing
in eastern Washinglon and Oregon from 1934 to 1992,

Km 1934-42 190(.92 Percentage

surveyed #ikm tikm change
Hunaged
Tucannon River, WA 61.5 2.4 6.5 17 1%
Yakina Kiver, WA 63.1 1.8 3.8 111%
Methow River, WA 146.0 1.7 3.4 1000,
Woenatchee River, WA 33.0 4.9 7T nT%
Asotin Crech. WA 37.5 3.1 2.1 —33%
Grande Ronde River, O} 157.9 6.1 2.1 —66%
Tolal in = 21) S05.0 4.3 EN -2
Linmanaged
Mathow River, WA 30.2 1.0 3.4 24)%
Wenalchee River, WA 80.2 2.3 1.5 20H) %)
Yakima River. WA 18.8 1.6 3.9 111 %
Total (n=3) 129.2 2.0 5.9 195%¢

Millerences between the BOE survevs and current surveys siguificant at p < .05
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TABLE 3. Changes in the frequency of large pools for streams in select mznaged and ummanaged basing in the Columbia River

Basin from 1934 10 1992,

Km 1634.42 1990-92 Pereentage
surveyed #/km #/km change
Managed basins 1411.0 7.5 5.4 —28%,
Unmanaged basins 263.0 3.9 6.9 T

“Differences between the BOF and current surveys significant at p < .05

TABLE 4, Current frequency of course woedy debris (2 0.1-m digmeter and =2.0-m length) for streams in selected managed
and unmanuged watersheds of eastern QOregon and Washington.

Coarse woody

debris
Pieces Jams
{#ikm) (#/km)
Managed
Crande Ronde basin, OR A6.0 5.9
Yakima River basin, WA 2.8 5.8
Wenatchee River busin, WA 26.7 3.5
Methow River basin, WA 69.2 12.3
MEAN 41.8 7.1
fnmanaged
Yakima River basin, WA 2.7 13.8
Wenatchee River basin, WA 72.5 119
Methow River basin, WA 40.2 8.1
VEAN 66.1¢ 11.5%

“Differences between managed and unmanaged busins significant al p < .05,

only stream that showed an increase in pool fre-
quencies (2.4 to 6.5 pools/km). There were no un-
managed watersheds for comparison in this region.

Our most exlensive overview of changes in fish
habitat was from the Grande Ronde basin (Mc¢In-
tash 1992); surveys in the Tucannon and Asotin
basins were limited to the Tucannon River and
Asotin Creek. The BOF surveys in the Grande
Ronde were in the upper basin, from the Grande
Ronde valley to the headwaters, In 1990 all histor-
ically surveyed streams in the Upper Grande
Ronde River basin were resurveyed (Melnlosh
1992). These strcams extend across a variety of
landscapes {e.g., mountainous. meadow), land-use
histories (e.g., logging, mining, agriculture) and
land ownerships (i.e., public, private).

Survey results indicate that pool habitat
decreased significantly {(p < .05} throughout the

Grande Ronde basin despite dilferences between
streams. The frequency of large pools in the BOY
surveys ranged from 0.0 to 14.6/km {mean =
6.1/km, Table 2). Tn 1990 pool frequencies ranged
from 0.0 to 7.0/km (mean = 2.1/km, Table 2).
The loss in large pools ranged from 20% o 87%,
with a mcan of 66% (Table 5}. Tn the BOF sur-
veys pool frequencies were highly variable (VAR
= 23.2) among the different streams, but the 1990
survey showed thal pool frequencics were similar
(VAR = 3.2) for all streams. The decreased varia-
bility in pool frequencies showed that habitat diver-
sity decrcased significantly.

Substrate Composition

Trends in substrate composition varied among the
three basins. No change was found in substrate
composition for Asotin Creek, but the Tucannon
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TABLE 5. Changes in the requeney of large pools for selected streams in managed wilersheds of the Blue Mountain resiou from
& q 3 &L £ &

1934 1o 1992,

Km 1934-42 1990-92 Pervenlage
surveyed #ikm #km change
Tucannon River hasin
Tucannon River 61.5 2.4 6.5 171%
Asotin Creek basin
Asotin Creek 37.5 3.1 2.1 —33%
Grande Ronde basin
Rock Creek 2.2 .0 0.9 G0%,
Jordiun Creek 3.1 [LX1] 0.0 N
Fwe Points Creek 2.8 1.8 1.8 NC
Meadow Creek 18.6 2.5 2.0 —20%
Sheep Creck 9.2 14.6 0.8 —33%
Catherine Creek 30.7 0.2 3.6 —61%
N Fk Catherine Creek 6.6 1.7 1.7 —64%
Grande Fonde River 7341 4.0 il —T73%
McCoy Creek 4.7 9.1 1.7 -81%
Heaver Creek 3.3 10.0 1.5 - 85%
S I’k Catherine Creck 3.3 11.2 1.5 —-87%
TOTAL 259.9 5.6 2.4 — 57 %"

“‘Differences between the BOY surveys and current surveys significant al p < .05

River showed a shift loward larger substrates, Fine
sediments remained at low levels in Asotin Creek
(6%) and the Tucannon River (7%). Substrate
composition in the Upper Grande Ronde River ba-
sin shifted toward finer substrates. Substrate com-
posilivn changes throughout the basin, with finer

sediments being deposited downstream in the
Grande Ronde River.

Analysis of mean substrate composition sug-
gesled no change in fine sediments in the Upper
Grande Ronde River basin although fine sediments
were 20% of the substrate composition i the
Grande Ronde River. The spatial distribution of fine
sediments relative to anadromaus salmonid habitat
was examined by plotting the pereentage of surface
fines for individual channel units from the down-
stream 1o upstream extent of the Upper Grande
Ronde River. This spatial analysis showed that fine
sediment in the headwater portions of the Upper
Grande Ronde River greatly exceeded 20% of the
substrate composition throughout most of this reach
(McIntosh 1992). In addition, most of the stream
channels throughout the headwaters are highly
embedded, generally exceeding current standards
ol 35% (USDA Forest Service 1991, 1992a).

Land-Use History

Our survey of land-use history was limited to the
upper Grande Ronde hasin. Future work will ex-
amine the Tucannon and Asetin basins in greater
detail. The history of Euro-American development
and land use in the Grande Ronde basin may be
indicative of the general pattern for the Blue Moun-
tain region of northeast Oregon and southeast
Washington. Wissmar et al. (1994b) detail the
land-use history of the John Day basin, showing
its similarity to the Grande Ronde basin.

At the time of the BOF surveys, the Upper
Grande Ronde River basin had already ex-
pericnced considerable human-induced distur-
bance. Available records of land-use history for this
basin were examined to characterize land-use his-
tory before and after the BOF surveys, Records
of timber harvest, road construction, and livestock
grazing were available from the Wallowa-Whitman
National Forest,

Mining. Mining was the first influence of Furo-
Americans in the Upper Grande Ronde River ha-
sin. The headwaters of the basin have been mined
for gold since 1870, wilh extensive dredge
mining in the early 1900s. Gold mining has
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significantly altered the river and its floodplain
throughout the headwaters. Fxtensive mine tailings
from dredging throughout the upper river constrict
the mainstem channel and provide a continuous
source ol sediment. This reach of the river cur-
rently provides most of the spring chinook spawn-
ing habitat in the Upper Grande Ronde.

Livestock grazing. Early records of livestock
grazing in the Upper Grande Ronde basin suggest
that parts of the basin were overgrazed by the
1880s {Skovlin 1991). Records of annual grazing
use were available from the Wallowa-Whitman Na-
tional Forest from 1911 1o 1990. Over that period.
grazing by livestock (cattle and sheep) declined
78% (Figure 2). The decline in grazing was Jargely
due to the collapse of the sheep industry in narth-
east Oregon, Cattle represent > 90% of the graz-
ing animals 1oday.

14 Mclntosh, Sedell, Smith, Wissmar., Clarke

Timber harvest. The historical record of timber
harvest in the Upper Grande Ronde River basin
shows that logging began in the late 1800s (Far-
nell 1979). Harvest has inercased steadily since
1896, with the most inlensive logging coming af-
ter 1950 (Figure 3}, primarily in response to in-
sect outhreaks (Wickman 1991).

Although harvest has inercased over time, the
effects of spatial patterns of harvest and harvest
methods must also be considered. Harvest in the
carly part of the century was restricted 10 riparian
areas and the adjacent hillslopes, and primarily
selected for mature ponderosa pine (Pinus pon-
derosa). Logs were moved 1o the mills first by log
drives and splash dams {1890-1919). then by rail
(1910-1954). and finally by roads (1930-present).

In the laster part of the century, higher eleva-
tion and headwater sections of the basin were

>, Reeves. and Brown
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accessed as road construction inercased. From
1954 10 1978, road mileages increased more than
twofold (3,200-7,200 km). doubling again from
1978 10 1989 (7.200-16,000 km, Figure 4). Clear-
cutting and sclective harvest became the preferred
methods of harvest from the 1950s to the present.

Strearn  channelization. The inflluences of
stream channelization appear in the Upper Grande
Ronde basin. Stream channelization projects at-
tempted to protect private property from flooding
by “locking” the stream channel in place with
riprap and levees. The periods of most intensive
activity were often in response to major floods, such

as the 1964 flood.

Mid-Columbia Region

From 1990 to 1992, the PNW, in cooperation with
the University of Washington and the Wenatchee

and Okanogan National Forests resurveved over
370 km of historically surveyed streams in the
Yakima, Wenatchee, and Methow River basins.
The surveyed streams range from small, moun-
tainous streams to large. alluvial rivers. These
streams extend across both private and public land
and have various land-use histories. Although these
surveys represent a small sample of BOF strcams
in these basins, we believe they represent the types
ol change that streams in this region have under-
gone since Kuro-American settlement.

Pool Habitat

Survey results show that large pool habitats in-
creased significantly (p < .05) in both managed
and unmanaged watersheds in the Yuakima,
Wenatchee, and Methow River basins since 1934
(Table 6). Of the 11 streams we surveved, only
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the Amcrican River had a decrease (3.3-2.4
pools/km) in poal habitat. Peol frequencies were
2.2 pools/km)
and unmanaged watersheds {mcan = 2.0 pools/km)

similar for both managed {mean =

in the BOF survevs. In the resurveys, the increase
in pool habilat was twice as great in unmanaged
watersheds (2.0-5.9 pools/km) as in managed
walersheds (2.2-4.1 pools/km).

Pool habitats increased by a similar magnitude
in both managed (1.8-3.8/km. 111%) and un-
managed (1.6-3.9/km. 144%) portions of the
Yakima basin. In the Wenatchee and Methow ba-
sins, a twofold to threefold greater increase in pool
frequencies was found in unmanaged versus
managed watersheds.

46

Substrate Composition

The resurveys indicated that changes in substrale
composition were highly variable. Substrate com-
pusition appeared to change litile in unmanaged
walersheds; changes in dominant substrate were
common in managed watersheds. Tn the Yakima
basin, substrate composition shifted toward larger
substrales in the Little Naches River and Taneum
Creck (Smith 1993}, but it remained the same in
Rattlesnake Creek. No substrate data were availa-
ble for the American River. Fine sediments in-
creased in Tancum Creek (7-18%). Increased fine
sediment, along with high levels of embeddedness,
suggested that fine sediments have increased since

1934 {Smith 1993}.
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TABLE 6. Changes in the frequency of large pools lor streams in seleeted managed and unmanaged watersheds in the Mid-Columbia

region from 1934 to 1992

Km 1934-42 1990-92 Percenlage
surveved #/kin #km change

Mannged
Yakima River basin

Tancum Creek 17.3 .5 3.4 H80%

Little Naches River 15.6 7 1.6 17 1%

Rartleznake Creek 8.0 1.9 1.6 142%

American River 24,5 3.3 2.4 —-27%
Wenatchee River basin

Nason Creck 33.6 4.9 7.7 S57%
Methow River basin

Chewack River 33.9 1.0 3.5 250%

Methow River 69.7 1.4 3.0 114%

Twisp River 42.5 2.8 3.9 37%
TOTAL 245.1 2.2 1.1 B6%°
Unmanaged
Yakima River basin

Ratilesnake Creek 18.8 1.6 3.9 144.%
Wenatchee River busin

Jack Creek 6.9 1.9 8.0 321%

Leicle Creck 14.2 3.7 10.2 17 1%

Chiwawa River 39.1 1.8 1.2 133%
Methow River basin

Chewack River 30.2 1.0 3.4 240%
TOTAL 129.2 2.0 0.0 195%°

*Differences between the BOF surveys and the current surveys significant at p < .05,

Changes in dominant substrate were alzo vari-
able for surveyed streams in the Wenatchee River
basin. Of the unmanaged streams, Jack Creek and
the Chiwawa River remained the same, but leicle
Creek shifted to smaller substrate classes. Nason
Creek, the managed stream, also shifted toward
smaller substrates.

Comparisons of substrate composition of the
streams in the Methow River basin suggested no
significant trends. The exception was the Methow
River, where the dominant substrate shiflted to
smaller substrates.

Land-Use History

The early Euro-American development of the Mid-
Columbia region followed a similar pattern to that
of the Blue Mountain region. After the 1930s, de-
velopment in the Mid-Columbia region was differ-
ent from the Blue Mountain region. Mining was one

of the first activities during the settlement era, be-
ginning in the 1850s (Wissmar et al. 1994h). The
Noodplain and sireambed have been affeeted more
extensively by mining for nonmetallic resources
(e.g., gravel, sand. limestone) (Wissmar ef al.

1994b}.

Livestock grazing. Livestock grazing began in Lhe
1850s: cautle populations peaked in the 1880s and
sheep populations peaked at the turn of the cen-
tury and again during World War T {Smith 1993).
Before 1890 cffects of grazing were concentrated
in the lower portions of the basin. As grazing pres-
sures increased, use expanded to all portions of the
basins. Cattle and sheep used the high meadows
for summer range, moving to the valley bottoms for
winter. By 1907, public outcry over overgrazing
was heard in the Yakima basin (Cooperative West-
ern Range Study 1938). In the 1930s livestock
populations declined from historical peaks and
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allotment management systems replaced the open
range (S. Carter, Supervisor's Office, Wenalchee
National Forest, Wenalchee, WA, unpubl. data).

Timber harvest. The earliest records of imber
harvesl show logging began in the late 1800% in
the Mid-Columbia region (Plummer 1902). Until
the 1950s. timber harvest was largely limited 1o
selective logging of mature conifers [rom the val-
ley bottoms and adjacent hillslopes {Smith 1993),
with little harvest on public lands until the 1960s.
From the mid-1970s to the present, clearcutting
became a common practice, and the volume of tim-
ber harvested increased significantly. Accompany-
ing these praclices was a substantial increase in
road construction.

The highest timber harvests for the Mid-
Columbia region were recorded in the 1980s (Mul-
lan et al. 1992). Even with increased harvest in
the past decade. 65% of the Wenatchee and 75%
of the Okanogan national forcsts, remain in wilder-
ness or roadless designation (USDA Forest Service
1989, 1990). Timber harvest in this region has
not heen cither as inlensive or extensive as that
documented for the Blue Mountain region.

Irrigation and deams. Irrigated croplands are the
dominant form of agriculture in the Mid-Columbia
region (Mullan et al. 1992). Extensive [ruit or-
chards and croplands arc present in all the major
river valleys, providing the primary economic base
for the region (Northwest Power Planning Council
1989). The major eflects early in the century were
from dams and irrigation diversions with inade-
quale bypass or screening facilities. For example,
a hydroelectric dam near the mouth of the Methow
River completely blocked the upstream migration
of anadremous salmonids from 1912 to the 1930s.
This harrier caused the extinction of coho salmon
in the basin and severely reduced other anadro-
mous runs (Mullan et al. 1992, Wissmar ei al.
1994h). Currenily, inadequaic screening and vari-
able strcamflows remain a problem in many arcas.
For a more thorough review of the elfects of irn-
gation and dams, sce Wissmar et al. (1994b).

Coarse Woody Debris

Resurveys showed that the frequency of CW I was
significantly higher {(p < .05) in unmanaged than
in managed basins of eastern Oregon and Washing-
ton (Table 4). The frequency of CWD pieces and
jams was 58% and 62% greater in unmanaged ba-
gins than in managed basins, The exception was

the Methow basin, wherc the frequency of CWD
was greater in managed than in unmanaged
watersheds.

Data on current frequencies of CWTD in the
Blue Mountain region were limited to surveys in
the Grande Ronde basin. Current Forest Service
survevs show that streams in managed watersheds
throughoul the upper Grande Ronde basin have
a low [requency of CWID), while unmanaged por-
tions have higher {requencies (USDA Forest Ser-
vice 1991, 1992a). The frequency of CWD in the
upper Grande Ronde was similar Lo other managed
river basing surveyed in eastern Oregon and
Washington, but fur less than in unmanaged
basins,

Discussion

This historical study shows that fish habitat has
changed in selected river hasins of eastern Ore-
gon and Washington since 1934. Pool habitat
decreased significantly in the Blue Mountain re-
gion and increased in the Mid-Columbia region.
Substrate cenditions shifted toward smaller sub-
strales in managed watersheds and remain un-
changed in unmanaged watersheds. Fine sediments
also increased in some basing, especially the
Grande Ronde. Current frequencies of CWD are
much higher in unmanaged than in managed
walersheds.

The changes in pool habitat are distinet for the
two regions. Pool habitat increased in the Mid-
Columbia region whether the watershed is
managed or unmanaged, although the increase is
twice as greal in unmanaged watersheds. In the
Blue Mountain region. the loss in pool habitat is
large and consistenl. The exception is the Tucan-
non River, where pool habitat increased signifi-
cantly. Our field observations suggest that
recovering riparian vegelation and reduced
sedimentalion contribute to Improved conditions
in the Tucannon. The headwaters of the Tucan-
non are largely intact because of wilderness pro-
tection. Although the trend oward improved fish
habilat is positive, the Tucannon and Grande
Ronde basin water temperatures are at sublethal
10 lethal for salmonids throughout much of the sum-
mer (Theurer et al. 1985, Bohle 1994).

Shifts in substrate compesition for streams in
managed watersheds suggested altered sediment
supplies. Changes in substrale size can signify im-
pacts of sediment inputs (Dietrich et al. 1989) and
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hedload transport in the stream (Heede 1980),
Given currenl and past management practices, both
have likely occurred (Dunne and T.copold 1978,
Richards 1982). These changes can result in
channel-widening, leading to increased water tem-
peralurcs (MacDonald ez al. 1991), decreased pool
volumes (Lisle and Hilhon 1992). and changes in
specics composition (Reeves et al. 1993). In-
creases in fine sedimenis can significantly lower
esg survival (Bjornn and Reiser 1991, Everest et
al. 1987} and decrease or climinate pool habitat
(Lisle and Hilton 1992).

Significantly lower amounts of CWD in
managed walersheds, coupled with the history of
CWD removal, shaw the extent to which the func-
tional role of CW 1) decreased in the managed sys-
tems. The loss of CWT reduces habitat complexity,
channel roughness, and sediment storage, and may
contribule o lower salmonid survival (Bisson et al.
1987}, These decreases in CWD in managed sys-
lems appear Lo be due Lo the effects of pust land
management practices, such as splash dams,
debris-remaval programs, and riparian timber har-
vest (Scdell er al. 1997). These practices may also
influence luture recruitment of CWD in managed
stream ecosystems. Analysis of current forest prac-
lices rules in Oregon and Washinglon suggests that
the recruitment of CWD will decrease with cach
succeeding harvesl rotation (Heimann 1988, Ore-
gon Department of Foresiry 1992).

The status and trends in pool hahilal, substrate
conditions, and CWD indicate that streams in
managed watersheds are simplificd compared with
those in unmanaged walersheds, Managed streams
show decreased frequencies and diversities of hab-
itat types (i.e., pools, riffles, side-channels), CWD,
and other structural elements common to un-
managed streams {(Reeves and Sedell 1992). This
study suggests the gencral trend for the entire
Columbia River basin is toward a loss in pool hab-
itat on managed lands and stable or improving con-
ditions on unmanaged lands. Waler quality {i.e.,
temperature, lurbidity) may also be reduced in
many of the managed streams.

Fish habitat conditions in river basins surveyed
in the Mid-Columbia region appear to be recover-
ing 1o some extent rom past land managemen
practices. In contrast, fish habilal conditions in the
Blue Mountain region declined significantly over
the past 5 decades. A possible explanation is the
differing land management history documented for
the two regions. Minimal human disturbance af-

fecled the surveyed portions of the Mid-Columbia
region from the 19305 10 the 1970s, while the op-
posile occurred in the river basins of the Blue
Mountain region. The cumulative cffects of land
managemenl practices have exacerbated or mag-
nified the etfects of any one faclor operating in iso-
lation.

The historical records show that during early
Euro-American scttlement (1850 to 1930), these
two regions experienced similar land-use histories,
During this period the major influence on stream
ecosystems is attributed to livestock grazing. Sheep
grazed the high meadows while cattle grazed the
floodplains in numbers that far exceeded the ca-
pacily of the range (Plaiis 1991, US FPA 1990).
Ancedotal reports and photographs depict summer
ranges so heavily stocked with sheep, they look like
show drifts. The legaey of this period is still evi-
dent throughoeut the eastern Oregon and Washing-
ton as witncssed hy the lerraced hillslopes caused
by the conslant trodding of millions of hoofs
through the decades,

Although livestock use has declined since the
19330s, concern for aqualic ecosystems increased
with the shift from sheep to cattle. In general, cal-
tle can have a grealer cffect on strcamside areas
than sheep (Plaus 1991, Wissmar et al. 1994h),
Although improved rangeland conditions tended
te occur in the upland areas, little improvement
was noled in riparian areas. For a more detailed
discussion on range condilions and the influcnces
of grazing on riparian ecosvstems see Platts (1991)

and Wissmar et al. (1994bhy).

With the decline of the livestock industry in the
1930s, the similarity in land-use histories for the
two regions ended. The Blue Mountain region was
along the main migration route to the Pacific North-
wesl {e.g.. Oregon Trail), which caused this area
of Oregon to be developed more rapidly. The Mid-
Columbia region was relatively isolated. As the live-
stock industry throughout eastern Oregon and
Washington declined, the timber industry began
to expand in eastern Oregon. Demand for timber
was the result of expanding railroads and growing
populations. The limber industry boomed afier
World War I1. stcadily increasing 1o the present.
Local economies in eastern Oregon have heen
doeminated by timber since.

Recent research (Mullan et af, 1992, Wissmar
et al. 1994b) suggests that the land-use history in
the Mid-Columbia region differed from that west
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of the Cascades and in the Blue Mountain region,
where land-use patterns appearcd to have differ-
ent influences on riverine ecosystems. As livestock
grazing declined, development pressures were con-
centrated in the larger river valleys (e.g., Yakima
and Wenatchee), where irrigated agriculture be-
came the economic base, Headwater and tributary
portions of the hasing were minimally affected. This
pattern corrcspends with land allocations on the
Wenatchee and Okanogan national forests; more
than 65% of their land base occurs in wilderness
or roadless areas. Human activitics increased in
the upper portions of the basins as timber harvest
and road construction began in the late 1950s.
These activilies shified over time from selective har-
vest to clearcutting. Since the 1970s, timber har-
vesl increased throughout the Mid-Columbia region
(Wissmar et al. 1994b).

The peried of reduced human development
{1930-1970s} in the tributarv portions of Mid-
Columbia hasins, lollewed by much later entry for
timher harvest, may explain the trend toward in-
creased pool habital. Pool frequencies were the
same for managed (2.2 pools/km) and unmanaged
(2.0 poolsfkm) watersheds in the BOF surveys. In
the current surveys, the increases were twice as
great in the unmanaged (5.9 pools/km) than in
managed (4.1 pools/km) watersheds. The data sug-
gest that unmanaged systems may he more struc-
turally intact (i.e.. CWI), habital diversity, riparian
vegelation), allowing a positive interaction with the
strcam processcs (i.e., peak flows, sediment rout-
ing) that shape and maintain high-quality fish hab-
ilat over lime.

Although the trends toward increased pool hab-
itat in the Mid-Columbia region are encouraging,
poor fish habitat conditions remain in many
managed watersheds. High water temperatures, in-
adequale stream flows, and high levels of fine sedi-
ments have been documented in many managed
watersheds. especially in the Yakima basin (Fast
et al. 1991, Northwest Power Planning Council
1989, Smith 1993). Given the late entry for tim-
ber harvesl, fish habilals may nol be expressing
the cumulative effects of harvest activities of the
past 20 yrs. Prolecling stream ecosystems should
be a management priority to continuc these improv-
ing trends.

Our data suggest that fish habitats are in bet-
ter condition in the Mid-Columbia than in the Blue
Mountain region. This conclusion is further
strengthened by the stable condition of most

anadromous runs in the Mid-Columbia region (Mul-
lan er al. 1992, Nehlsen et al. 1991, The Wilder-
ness Society 1993). In contrast, most anadromous
runs in the Blue Mountain region are listed hy ESA
or are identified as stocks at varying degrees of risk
bv Nechlsen et al. (1991) or The Wilderness Soci-
ely (1993). The exception is summer steelhead in
the Grande Ronde, which is identified as stahle
(The Wilderness Society 1993). Anadromous runs
to hoth regions are subjected to the effects of 8
to 10 mainstem Columbia River dams.

Conclusions

From these snapshots over time, it is apparent that
the response of fish habitat to differing natural and
human-induced disturbances varies greatly, Al
though precise, quantifiable relationships between
long-term trends in fish abundance and land-use
practices are difficult o oblain (Bisson et al. 1992),
the body of Literature concludes that land-use prac-
lices cause the simplification of fish habital (Hicks
et al. 1991, Bisson et al. 1992, Meehan 1991)

The conclusions of this paper must be viewed
with caution. A broad regional overview of this na-
ture can fail to identify known areas of concern.
A few anadromous stocks in the Mid-Columbia re-
gion are al risk, especially steelhead (Mullan et al.
1992, Nehlsen ef al. 1991, The Wilderness Soci-
cty 1993). Alternatively, most anadromous runs
to the Mid-Columbia region are stable {(Mullan et
al. 1992, The Wilderness Society 1993). Tn the
Blue Mountain regicn, few anadromous runs are
stable; most are severely depressed and declining
(Nchlsen et @l 1991, The Wilderness Society
1993). The results of this study suggest that this
difference may be due to better habitat conditions
in the Mid-Columbia region.

Strategies 10 protect and restore anadromous
and resident fish habitat must be based on a wa-
tershed approach that protects the remaining hab-
itat and reslores historical habitats (Johnson et al,
1991. Reeves and Sedell 1992, USDA 1993). The
Forest Service is currently developing such a
strategy (PACFISH) to be applied across the range
of anadromous salmonids throughout the western
United States {USDA Forest Service 1992b).
Management plans addressing forest health in east-
ern Oregon and Washington must explicitly incor-
porate a watershed strategy that recognizes the
critical linkages between the uplands, miparan
areas, fish habitat, and fish populations. Land
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managemenl activities that contributed to the for-
est health problem (l.e., selective harvest and fire
suppression} have had an cqual or greater effect
on aquatic ccosystems. If we are to restore and
maintain high-quality fish habitat. then protecting
and restoring aquatic and terrestrial ecosvstems is
essential.
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