Figure 19. Prioritization of management reaches for river styles reaches of the MFJDR, as envisioned by the River Styles framework.
Reproduced from Brierley and Fryirs (2005).

31

3

REGIONAL AND WATERSHED SETTING

Section 3 is devoted to a description of the geographic, geologic and hydrologic setting of the MFJDW. Also discussed
are landscape and ecological settings, topography, vegetation, soils, settlement history and land use, and human
pressures within the watershed.

3.1

Geography of the Eastern Oregon Physiographic Province

The John Day Basin lies within the Blue Mountain Physiographic Province, set at the northern margin of the Basin
and Range Province and the Deschutes-Umatilla Plateau to the north (Figure 20). The MFJDR flows northwesterly
from headwaters on the western flank of the Blue Mountains of eastern Oregon, and includes four ecoregions
ranging from high elevation, moist alpine terrain to semi-arid tablelands to the northwest (Section 3.3.2). The
MFJDW lies to the northeast of the town of John Day, Oregon, and includes a few small and sparsely populated
townships. The town of Long Creek, pop. 220, is located in the west-central part of the MFJDW and is the largest
settlement (Figure 8). The unincorporated town of Austin, Oregon., lies to the southeast in the watershed, and has
less than 35 permanent residents within a five mile radius.

Figure 20. Eastern Oregon physiographic provinces. The Middle Fork John Day Watershed is shown in pink, the John Day Basin in purple.
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3.2

GEOLOGY OF THE JOHN DAY BASIN

The geologic setting and varied lithologies are a key control on river character and behavior, governing drainage
erosion patterns, slope, sediment yield, and valley characteristics. We provide details of the geologic and soils setting
as a basis for understanding landscape units and their profound effect on watershed hypsometry, pattern, and
drainage morphometry.

3.2.1 GEOLOGIC SETTING
The geology of the MFJDW is a diverse assemblage of metamorphic, mélange, terrestrial sedimentary, and igneous
Rocks . The geologic history and construction of Oregon was profoundly influenced by its physical setting astride the
tectonically active subduction zone. Around 400 million years ago (ma), the eastward-driving oceanic plate carrying
with it island arcs and small continental fragments, collided with and accreted to Western North America. Wide
swaths of these exotic terranes now core the Blue Mountains of east-central Oregon, and are exposed in the
easternmost portion of the John Day Basin as the Paleozoic Baker Terrane (Figure 21) (Madin, 2009). Upwelling and
intrusion of granitic igneous bodies into the basement mélange (~100 ma) completed this ancient basement
foundation.
Subduction and melting of dense oceanic crust beneath the continental margin set the stage for 50 million years of
sustained volcanism in Oregon and the greater Pacific Northwest. The eruption of thick sequences of extrusive
andesite, rhyolite, tuff and ash during Cretaceous tropical climatic conditions preserved a rich fossil assemblage
within the colorful Clarno and John Day formations (Hunt and Stapleton, 2004). These interbedded claystone and
tuff deposits can be readily viewed today at John Day Fossil Beds National Monument, and underlie a large portion
of the central MFJDW (Figure 22).
Deposition and incision of terrestrial sediments by Miocene rivers (23-6 ma) provided the basis for the earliest
Salmon Runs, and formed terrestrial sedimentary rocks within closed basins and valleys. These rocks are exposed
sparingly along the western and central portions of the MFJDW. Westward movement of the North American
continent over the stationary Yellowstone Hotspot triggered eruptions of Columbia River flood basalts between 2016 ma and occur in the John Day region as the Picture Gorge basalt. Repeated eruptions during Miocene time, 15-5
ma, formed a thick sequence of stacked, multiple flows that covered most of the state; locally, the Strawberry
Volcanics include andesite and rhyolite flows, ash and tuff, and stratigraphically overlie the Columbia River basalts
(Conlon and Wells, 2006). Sustained Hotspot activity beneath central and eastern Oregon impelled fault-bounded
rifting, volcanic eruptions, and the formation of the extensional Basin and Range province in the central and southern
portions of the state.
The geomorphology of the central Oregon landscape and the John Day Basin is driven by ongoing surficial processes
(erosion, reworking and deposition of sediments) and by glacial-interglacial climate cycles. Within the PleistoceneHolocene epochs (2 ma – present), the landscape has been shaped by the production, transport and emplacement
of unconsolidated sediments through fluvial systems, glacial activity in alpine zones, mass wasting, and eolian (windblown) processes.
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Figure 21. Generalized geologic map of the Middle Fork John Day Watershed showing principal streams highlighted in this study.
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3.2.2 STRATIGRAPHY OF THE MIDDLE FORK JOHN DAY WATERSHED
Rocks of the MFJDW partition along relatively straightforward age and compositional characteristics. The oldest
basement rocks of the Baker Terrane are generally metamorphosed, mélange (deformed marine sedimentary), and
intrusive igneous granites, gabbros, and diorites. These rocks dominate the north-central alpine and upland regions
of the watershed, and exert a strong influence on southwest-draining streams. Throughout the MFJDW, the Baker
Terrane is overlain by a thick succession of extrusive volcanic rocks of Eocene to Miocene age (~55 to 6 ma). The
south-central watershed is composed of deeply dissected uplands of the Eocene-Oligocene Clarno and John Day
formations (56-23 ma). The surface and dissected uplands to the northwest are underlain by the Picture Gorge Basalt
of the Columbia River Flood Basalt Group, characterized by its distinct butte-and-mesa forming flows and cliffs. Far
to the southeast lie the Miocene Strawberry volcanic rocks (20-6 ma), composed mostly of andesite and rhyolite
flows and ash (Madin, 2009). These rocks form the gently-dissected uplands over which the first order headwater
streams gather. Lastly, Quaternary glacial, hillslope, mass-wasted and alluvial surficial deposits lie scattered
throughout the watershed.

Figure 22. Composite stratigraphic section of the Upper Clarno and lower John Day Formations. Figure reproduced without permission from
Bestland et al. (1999)
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3.2.3 SOILS
Availability of soil data for the MFJDW is limited. A few resources exist for the Blue Mountains (i.e.,Geist and Strickler,
1978) and for the central portion of Grant County, Oregon, in the main John Day Basin (Table 7; Figure 20). In the
MFJDW, common soils originate from extrusive and intrusive igneous rocks exposed on plateau tops, and tend to be
stony, shallow, and clay-rich (i.e., the Anatone, Madras, Lamonta, Era, and Agency soil series). Within rounded, hilly
uplands, clay-rich Simas soils are common on south-facing slopes, and the Tub soils occur on north-facing slopes,
and are related to development in the clay-rich John Day and Clarno geologic formations. Soils of the pine- and firforested Blue Mountain and John Day Provinces tend to be clay-rich silt loam and are locally underlain by fine-grained
tuffaceous, buried eolian, or basalt bedrock, such as the Blue Mountain Tolo soils. These are genetically related to
the Mazama Ash erupted 6.8 thousand years ago (ka). Colluvial and alluvial soils occur along drainages, hillslopes,
alluvial fans (the Hack series) and valley bottoms; i.e., the Kimberly and Dayville loamy soils developed over a sandy
substrates (Anderson et al., 1997) (USDA, 1981).
Table 7. Soil Associations distributed through the study area

Association
Name
Hack-VeazieDayville
Gwin-RockleyLickskillet
Oxwall-Oxbow
Simas-Tub

Average
slope
0-20

Average
Precip (cm)
30-48

Description

Location

Drainage

Vegetation

Deep loams

floodplains

Moderate

2-70

28-51

Ridgetops

Well

2-7
3-65

36-46
25-36

Shallow stony
loams
Stony clays
Stony clay loams

Terraces
Uplands

Well
Well

Waterbury-Ukiah
LomonexLaycock-Logdell

2-50
3-75

33-51
43-61

Stony clay loams
Stony clay loams

Uplands
Uplands

Well
Well

Hay, grasses,
shrubs
Grasses,
shrubs
Grasses
Grasses,
shrubs
Grasses, sage
Ponderosa,
Douglas Fir

3.3

LANDSCAPE AND TOPOGRAPHY

3.3.1 TOPOGRAPHY
The Blue Mountains are a rugged series of ranges within the wettest region of eastern Oregon (e.g., Table 8). They
contain high relief, well-developed stream networks. The MFJDW lies north of the Strawberry Mountains and
southwest of the Elkhorn range. The topography of the MFJDW is defined by five (HUC 10) subwatersheds that join
the 140 km long central trunk stream of the MFJDR. Overall the watershed is marked by steep-sloped canyons,
deeply dissected highlands, dissected tablelands, and rounded uplands replete with broad meadows. The watershed
has a high elongation ratio (greater length relative to its overall width), which tends to dampen runoff from the basin
and decrease flood intensity (Fryirs and Brierley, 2013). The MFJDW has a low drainage density (km/km2) of ~2.0,
but is marked by deeply incised and well defined forested uplands and semiarid tablelands. Longitudinal profiles for
the MFJDR and four of its tributaries (Big Boulder Creek, Bridge Creek, Camp Creek, and Long Creek) (Figure 23),
represent subwatersheds of the primary landscape units shown in Figure 24.
Table 8. Hydrologic and Topographic Parameters for the MFJDW (generated using the USGS StreamStats Program)

36

Drainage Area (km2)
Mean Elevation (m)
Maximum Elevation (m)
Minimum Elevation (m)
Relief (m)
Mean Slope (degrees)
Maximum Slope (degrees)
Minimum Slope (degrees)
Total Stream Length (km)
Drainage Density (km/km2)
Mean Precipitation (cm/year)
2-yr 24 hour peak precipitation (cm)
Percent Forest
Average Soil Permeability (cm/hr)

2051
1378
2478
664
1814
11.7
52.3
0
3970
1.93
52.8
2.5
65.2
2.21

Longitudinal profiles contain important information about watershed controls on the geomorphology of streams
and their drainage basins. The underlying lithology exerts the greatest control on channel shape and profile
curvature, but incision rates and drainage density are affected by drainage area and precipitation, runoff, and
“buffering” by vegetation and soil infiltration capacity. Given sufficient geologic time, a stream’s profile will
approach a graded, concave-up shape, signifying near-equilibrium conditions. However, changes in base level,
tectonic uplift or faulting, to name a few, can drive waves of incision through the drainage and manifest as headward
advancing knickpoints or local convexities as the profile readjusts to intrinsic disturbance (Pederson and Tressler,
2012). Figure 23 shows plots of elevation versus upstream drainage area for the MFJDR and four of its tributaries.
See Section 4.2 for a discussion of catchment-scale controls on river types.
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Figure 23. Longitudinal profiles and drainage area for the a) MFJDR and Squaw Creek; b) Big Boulder Creek; c) Camp Creek; d) Long Creek; and
e) Bridge Creek. Note variable scales amongst plots of the five rivers.
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3.3.2 LANDSCAPE UNITS
Watersheds are fundamental landscape elements, and rivers and their drainage basin characteristics are strongly
connected to the hydrology and physiography of their watersheds. The lithology of underlying bedrock, channel
slope, elevation and relief set imposed boundary conditions for the watershed; whereas Vegetation cover, soils,
rainfall, and channel slope influence sediment flux through the system. Together these physical attributes dictate
channel form and drainage density, and impose boundary conditions that control the distribution and type of river
styles in the catchment. Landscape units combine these various ecological and morphometric attributes into map
units that allow a visual key to controls of river types throughout the watershed. Construction of this map requires
information on regional geology, vegetation cover, soils, and hydrologic data. Much of this has been compiled on
the basis of bedrock, soils, and vegetation associations into level IV Ecoregions published by the Western Ecology
Center of the U.S. Environmental Protection Agency (EPA) (Thorson et al., 2003). The compiled data is extremely
helpful for understanding the interconnected nature of landscape components at the regional scale. However, the
data can be mapped at a finer, watershed-specific scale using aerial imagery, GIS layers, and field observations. We
designated and mapped six landscape units in the MFJDW, based on characteristics of the Blue Mountains Ecoregion.
They are displayed in Figure 24, summarized in Table 9, and described briefly here:


Alpine Highlands: the highest elevation terrain is based on the subalpine/alpine zone. This terrain is mostly
at or above timberline, with steep-sided, glacially influenced slopes, peaks, and valleys. High gradient
boulder-bedded Streams originate here, issuing from cirque valleys. Lithologies are dominated by hillslope
colluvium and Pleistocene glacial deposits, and by granitic, marine sedimentary, and Tertiary to Paleozoic
volcanic rocks. Soils are thin, well drained udic and xeric types. This zone receives 90-200 cm of precipitation
per year, mostly in snow; temperatures range -9 to 20 degrees C. Vegetation is mostly sage and grasses on
south slopes, and western spruce – fir forest. This landscape is the important snowmelt source for the
northeast watershed, and headwater streams originating there.



Dissected Uplands: Drawn from the mélange and mesic forest zones, this landscape unit comprises midlevel mountains and dissected volcanic plateau areas. Intermittent or snowmelt-fed perennial headwater
streams originate here; lithology includes Quaternary colluvium and suites of intrusive and extrusive
volcanic rocks, granites, meta-sedimentary rocks, and the curious mix of deformed marine sedimentary
rocks that give the mélange ecoregion its name. Soils based on thick volcanic ash retain moisture effectively,
Forest stands include Douglas fir and subalpine Engleman spruce, and Western ponderosa pine and juniper
woodland in drier areas. Temperatures range from -8 to 30 degrees C; precipitation falls mostly as snow
and amounts to 80-150 cm per year. This landscape surrounds and defines headwater streams in the central
watershed.



Rounded Uplands: This Landscape Unit comprises the core of the central river valley and adjacent rounded
hills, and reflects the attributes of the John Day/Clarno highlands. The terrain is highly dissected, steeply
sloping low mountains and rolling hills and is traversed by larger streams fed by both snowmelt and spring
flow. Underlying geology is mostly basalt, instrusive andesite and ash-based lithologies. Forest cover is
primarily Western Ponderosa Pine, Juniper woodland, mountain mahogany and others. Open areas host
grasses and sage; riparian areas include mountain alder, Rocky Mountain maple, and dogwood.
Precipitation falls 40-70 cm of rain and snow per year. Temperatures range from -6 to 26 degrees C. This is
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the dominant landscape surrounding the Middle Fork corridor and its headwater streams upstream of
Galena, and headwater streams of the northeast watershed.


Dissected Tablelands: This Landscape Unit is based on the John Day/Clarno Uplands, consisting of low
mountains and the highly dissected broad plateau formed by relatively flat-lying Columbia River Basalt. Soils
here are ~40-70 cm thick and well drained mollisols and aridisols. The landscape hosts a variety of
grasslands, mostly wheatgrass and bluegrass, shrublands, hosting sage and western juniper woodland.
Annual precipitation is 22 to 40 cm, with temperatures of -6 to 28 degrees C. This landscape unit
encompasses the Long Creek subwatershed and the Middle Fork corridor near Hawkins Creek.



Valley Alluvium: Wide valley bottoms along the MFJDR afford the accommodation space and low gradient
necessary to aggrade fine alluvial sediments. This landscape unit is expressed in the bottomlands along the
main trunk stream in the upper watershed.
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Figure 24. Landscape units of the Middle Fork John Day Watershed. Modified from Kasprak and Wheaton (2012)
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Table 9. Parameters used to identify and describe landscape units in the MFJDW.
Parameter/
Alpine Highlands
Dissected Uplands Escarpments Dissected Tablelands
Landscape unit
Ecoregion
Subalpine-alpine
Subalpine-alpine
John
John Day/Clarno
zone
zone, mélange,
Day/Clarno
uplands
mesic forest zone
highlands

Rounded Uplands

Valley
Alluvium
Quaternary
deposits

Alpine broken
forest and
meadows,
exposed rock and
snowfields of
highest alpine
peaks.
Highest position
in catchment,
isolated areas are
surrounded
downslope by
dissected uplands

River canyons
incised into
Columbia River
Basalt—knife edge
ridges flanked by
steep canyons.

Steep,
elongate
erosional
landforms,
denoting
cliff retreat

Dry, rounded and
dissected foothills,
palisades and ash
beds flank the river
valleys

John Day/Clarno
uplands, John
Day/Clarno
highlands, mesic
forest zone,
mélange.
Dry, dissected
foothills merge
upslope with
forested, dissected
uplands

Uppermost
catchment and
headwaters area
for most of the
Middle Fork John
Day.

Region downslope
and downstream of
dissected uplands

Dissected uplands
grade downslope
to rounded uplands

Valley
bottoms and
floodplains of
the mainstem
MFJDR and
lower
tributaries

Miocene volcanic
rocks, Paleozoic
metamorphics,
Eocene volcanics

Miocene Basalt

1000 m

3-400 m

700 m

Miocene basalt,
mixed
volcanics,PaleozoicCenozoic
sedimentary rocks
800 m

Alluvium and
Quaternary
hillslope
deposits

Relief*

Miocene basalt
and andesite,
Quaternary
alluvium and
glacial sediments
550 m

Positioned
throughout
catchment,
within and
adjacent to
rounded
uplands,
dissected
tablelands,
dissected
uplands, and
rounded
Alpine
Peaks.
Miocene
basalt
(Columbia
River Group)

Elevation (asl)

1700-2230 m

1400-2300 m

700-1400 m

1000-1800 m

~1000

Valley bottom
width

>1500 m

<50 m

1400-1800
m
<30 m

50-200 m

200-500 m

100-600 m

Physiographic
character or
landscape
morphology

Landscape
position

Geology

3.4

Flat lying
floodplains
and hillslopes
below angle
of repose

--

CLIMATE AND HYDROLOGY

3.4.1 RAINFALL DISTRIBUTION
The climate of the John Day Basin, which lies in the rain shadow of the Cascade Range in eastern Oregon, is semiarid across upland landscapes, but is locally diverse with a climate gradient ranging from alpine and forested
mountains to grass- and scrublands of the adjacent foothills and low-relief, temperate steppe uplands. The Blue
Mountains Physiographic Province is the wettest of eastern Oregon, and receives most of its moisture from frontal
storms directed by the wintertime jetstream positioned directly over the Pacific Northwest. Thus, a majority of
moisture is received in November through May; in summertime, the Jetstream is positioned northward and eastern
Oregon experiences warm and dry weather. The overall climate is a Continental Type with a marine influence in the
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higher forested and alpine elevations (Thorson et al., 2003). The MFJDW spans portions of the John Day and Blue
Mountain Ecological Provinces and receives on average 35-101 cm of rainfall annually with some 48 cm of snowfall
based on regional elevation (Anderson et al., 1997), but on average is about 56 cm for the Blue Mountain Province,
in the southeastern and central watershed, and about 33 cm for the John Day region. This reflects 63-76 cm annual
precipitation at elevations above 1220 meters in the foothills of the Blue and Strawberry Mountains, and around 2538 cm average annual precipitation in the lower elevations. Daily average temperatures are in the low 60s with
average lows of ~35 degrees (F) for the period 1913-2009 (Western Regional Climate Center) (Figure 25).

A.
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B.

C.
Figure 25. Average and average maximum daily records of: A. temperature, B. Snowfall and C. precipitation for years 1913-2009 for station
350356, Austin, Oregon, a station in the central Middle Fork John Day Watershed (generated and reproduced from Western Regional Climate
Center data).
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3.4.2 HYDROLOGY OF THE MIDDLE FORK JOHN DAY WATERSHED
The MFJDR has an average annual flow of 260 cubic feet per second (cfs) measured at the USGS gauge 14044000.
The average monthly discharge is highest in March through May, with an average annual runoff peak of 740 cfs for
those months. Baseflow in late summer and early fall months is typically around 40 cfs (Figure 26). The hydrograph
from 2013 is consistent with average daily flows for the 83-year period of record for the gauge at Ritter, Oregon
(Figure 27): early season storms and springtime snowmelt generate peak flows for each annual cycle, followed by a
decrease to baseflow in July through September.

Figure 26. Average daily streamflow for the 83-year period of record 1930 to 2013, at USGS streamflow gauge 14044000 on the Middle Fork
John Day River at Ritter, Oregon.
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Figure 27. Daily streamflow for 2013 measured at USGS streamflow gauge 14044000 on the Middle Fork John Day River at Ritter, Oregon.

In eastern Oregon peak flows occur primarily from winter frontal storms moving eastward from the Pacific and from
springtime snowmelt and rain-on-snow events. Intense rainfall from summertime convective storms are less
influential for generating peak flows (they can generate high discharge, but are of low duration) but can be important
drivers of geomorphic modification in local catchments. Peak discharge information for the MFJDR was obtained
from gauge 14044000 (Figure 28). The mean annual peak flow for the MFJDR is 1966 cfs.

Figure 28. Annual Peak discharge for the 83-year period of record 1930 to 2013, from USGS streamflow gauge 14044000 on the Middle Fork
John Day River at Ritter, Oregon.
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The magnitude and frequency of floods exert strong influence over channel morphology and the type and
distribution of channel and floodplain geomorphic units (O'Connor et al., 1986). The largest flood on record for USGS
gauge 14044000 was in May of 2011, with a peak flow of 5430 cfs. This peak flow exceeded the 100 year return
period (
Figure 29), but three other floods exceeding 4500 cfs, including notable 1965 and 1997 winter rain-on-snow events,
have occurred during the period of record (Note that these peak flows estimates are nearly doubled for the mouth
of the Middle Fork John Day (Table 10). Although flows of this magnitude are rare in the MFJDW, 10-year floods of
~3000-4000 cfs are more common, and are important for creating and maintaining diverse channel morphology,
particularly where previously straightened or diverted channels have been restored to their original, higher sinuosity
beds in recent years (e.g., Reclamation, 2010). Also important for maintaining and improving diverse floodplain
geomorphic units and riparian habitat is the river’s ability to reach and rework its floodplain (Figure 30). Flows
exceeding bankfull are exceedingly rare in instances where diversion and straightening have resulted in
“entrenched” channels. This is one of the primary negative impacts to the river along the trunk stream, leading to
decreased habitat, increased water temperature, and higher instances of fish mortality (Wilson et al., 2004-2005 ).

Figure 29. Log-Pearson III analysis calculated for 2- 5, 10, 25, 50, 100, and 200 year return periods (the average number of years
expected for a flood of some magnitude) for peak discharge of the Middle Fork John Day for 83 years. Data is from gaugemeasured Peak flows for the period of record 1930-present, and are plotted with a corresponding exceedance probability
scale.
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Figure 30. Photograph of overbank flows along the MFJDR during the peak flow of May, 2011, showing the near-complete inundation of the
floodplain near Galena, Oregon. This event is the largest magnitude flood on record for the Middle Fork recorded at USGS gauge 14044000.
A recently ‘restored’ meander loop is visible opposite the vehicle at right; for many decades prior, the river had been diverted along the
treeline in the background (photo: U.S. Forest service).

As historic streamflow records exist for a single station in the MFJDW and all tributaries are ungauged, peak
discharge estimates for the study tributaries was generated from regression analyses of basin characteristics (Table
11) using Oregon Department Water Resources Peak Discharge Estimation tool:
URL: http://apps.wrd.state.or.us/apps/sw/peak_discharge_map/ (Cooper, 2006). These peak flow numbers are
statistical predictions and should be considered estimates rather than actual measurements; yet they are useful for
noting the differences between subwatersheds and their potential peak flow characteristics. The main limitations of
the regression analysis are from reservoirs, diversions, and streams where spring flow is a major contributor to
discharge. While these conditions exist in the Middle Fork, they are minor factors. A single reservoir exists on Bridge
Creek near Bates, and several canal diversions exist along the MFJDR and in Long Creek.
Table 10. Peak discharge estimates for ungauged streams in the MFJDW: Camp, Bridge, Big Boulder, and long creeks, and the Middle Fork John
Day at the confluence of North Fork.
Return Period years)

Peak Flow (cfs)*
Camp Creek

Big Boulder
Creek

2

Middle Fork John Day
River (at confluence
with North Fork John
Day River)
2550

Long Creek

242

143

902

5

4180

367

210

1790

10

5380

456

255

2540

20

6610

546

298

3380

25

7020

575

312

3670

50

8320

666

354

4640

100

9670

759

397

5730

500

13100

986

497

8730

*Bridge Creek was omitted because of presence of a large reservoir near its mouth. Data was generated
using the Oregon Water Resources Department Peak Flow Estimation Tool.
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Table 11. Basin and hydrologic Characteristics for the Middle Fork John Day Watershed used to estimate peak flows at ungauged tributaries
MFJDW
Long Cr.
Big Boulder
Camp
Drainage area (km2)

2051

528

46

163

12

9

16

15

1814

1195

1213

853

Mean slope (degrees)
Maximum relief (m)
Average aspect (degrees)

181

174

205

178

Mean elevation (m)

1381

1286

1740

1508

Precipitation intensity 2-yr, 1 day (cm)

3

2

3

2

Mean January precipitation (cm)

7

5

10

7

Mean July Precipitation (cm)

2

2

2

3

Mean annual snowfall (cm)

180

109

315

189

Mean January min. temperature (degrees C)

-7

-6

-8

-7

Mean January max. temperature (degrees C)

7

3

1

2

Mean July min. temperature (degrees C)

2

7

6

7

Mean July Max. temperature (degrees C)

27

27

25

26

Soil storage capacity (cm)

0.5

0.3

0.5

0.4

Soils mean permeability (cm/hr)

2

2

3

3

Soils depth to bedrock (cm)

83

60

91

107

Note: data generated from Oregon Water Resources Department Peak Flows Tool.

3.5

VEGETATION AND LAND USE HISTORY

3.5.1 VEGETATION
Vegetation types are stratified along elevation and climatic gradients (Merriam and Steineger, 1890). Within the
Blue Mountain Level IV Ecoregion (Thorson et al., 2003) are six distinct vegetation associations (e.g., Figure 24 ). The
Alpine zone supports subalpine fir (Abies lasiocarpa var. bifolia), Engelmann spruce (Picea engelmannii), and
whitebark pine (Pinus albicaulis), which tolerate cold soils and short growing season near timberline. Subalpine areas
contain species such as whitebark pine; subalpine fir; a variety of sedges; green and Idaho fescues, yarrow,
fleeceflower, and mountain big sagebrush. The Mesic Zone supports a spruce and subalpine fir forest including larch,
lodgepole pine (Pinus contorta), and Engelmann spruce with a sparse understory of shade tolerant forbs and shrubs.
In the Melange ecoregion of the southeast watershed, underlain by the Strawberry Volcanics, intensely magnesiumrich soils limit productive forest growth. The deeply dissected John Day Clarno Highlands supports a healthy
Ponderosa Pine (Pinus ponderosa var. scopulorum) forest and understory grasses such as prairie Junegrass, varieties
of bluegrasses, Idaho fescue, Mountain Brome, and shrubs such as Mountain snowberry, wax currant, Oregon grape,
mountain mahogany. The John Day Clarno uplands comprise arid, rounded hills, and are home to sagebrush and
grasslands that have become increasingly colonized by Rocky Mountain juniper due to climatic factors as well as
grazing and fire suppression practices Understory grasses include Idaho Fescue, basin wildrye, bluegrass, and
bitterbrush, big sagebrush and rabbitbrush. (Anderson et al., 1997; Thorson et al., 2003).
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3.5.2 SETTLEMENT AND EARLY LAND USE HISTORY
The pioneering era of the 1840’s was an abrupt, history-shifting event across the Pacific Northwest. Expansionist
passion followed the signing of the Oregon Treaty of 1846, and brought thousands of pioneering families over the
Oregon Trail during a short ~10 year period, lured by the promise of attainable land and gold. The “Oregon Gold
Rush” swept prospectors across eastern Oregon and the Cascades to the Willamette Valley; however, with passage
of the Homestead Act of 1862, populations increased in the John Day area, drawn to free land in the Federal domain.
When gold was discovered in the Blue Mountains and upper John Day Watershed, settlements expanded and a
tenuous economic base grew in support of the mining districts. Economics were never easy in the area, due to the
arid climate and scant resources, but at this point grazing, ranching and mining became staples of the local economy,
and remain so today with the exception of mining (Beckham and Lentz, 2000). Placer mining of stream gravels was
the primary mode of mining and progressed well into the 20 th century, until made illegal by the U.S. War Labor Board
in 1942. This caused abandonment of otherwise lucrative operations all over Grant County; such an operation
established in 1862 near Elk Creek on the MFJDR, known as Susanville and later Galena (Weis, 1971), supported a
large population of transient miners and included a post office, stores, and other facilities. Still unmitigated impacts
to the streambed from placer operations along nearly 5 km of the MFJDR downstream of Elk Creek are the most
severe within the Watershed.
Livestock ranching is still the most important economic activity in the Middle Fork. Timber harvest was also lucrative
in the early century (Figure 31) until expanding markets made large-scale timber operations untenable after WWII.
Although these activities remain important in the rural and mountainous areas surrounding the Middle Fork, Grant
County experiences among the highest unemployment rate in Oregon. Socioeconomic effects of river restoration
efforts have also been felt within the small communities of the MFJDW (Senkyr, 2012). Aside from expansion of small
sectors such as tourism and hunting, the advent of stream restoration efforts have brought revenue where
significant amounts have remained within the county.

Figure 31. Logging town of Bates, Oregon, circa 1959. The mill and town remained in operation from 1917 to 1979. Clear Creek enters from
the left, and the MFJDR flows left to right in the foreground. The township and mill have since been removed and a small campground now
occupies the site at right in the photograph. Photo: Gregg Smith.
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3.5.3 CATCHMENT PRESSURE AND RESPONSES
Livestock grazing, logging, and loss of habitat over a century of channel modification remain the greatest impact to
salmonid populations in the MFJDW area (e.g., Hawkins, 1998). Grazing is connected with increased erosion in
uplands by compaction that reduces infiltration capacity and increased overland flow; and loss of vegetation in
riparian areas increases bank erosion (Kauffman et al., 1983; Trimble and Mendel, 1995). Placer mining and dredging
activities destroys habitat and significantly alters channel form. Lack of diverse habitat is a consequence of
redirecting and straightening channels of alluvial floodplains to create new grazing and cultivation land (MFJD
Intensively Monitored Watershed). Loss of riparian habitat affects bank stability, cover for fish and consequently,
water temperature; reduction of fish populations also decreases nutrient levels in streams overall.

4

STAGE ONE: RIVER CHARACTER AND BEHAVIOR

4.1

DEFINITION AND INTERPRETATION OF RIVER STYLES

Stage One of the River Styles framework begins with the identification and description of river styles throughout the
watershed. Section 4 outlines river styles in the MFJDW for this study and describes their attributes along with
photographs of each. River style Trees summarize attributes of river character organized according to valley,
channel, and bed material characteristics. The main output of the Stage One analysis is a watershed map showing
the distribution of river styles in the context of HUC 10 watersheds. An example summary of a proforma site
evaluation follows at the end of the section.

4.1.1 RIVER STYLES TREES
River styles are determined through analysis of four key physical parameters: valley setting, channel planform,
floodplain and in-stream geomorphic units, and bed material texture. These parameters compile common sets of
characteristics at the reach scale (see Figure 2). Essentially, this is “letting the river’s behavior drive the
interpretation” (G. Brierley, pers. communication). Combinations and patterns of river styles comprise reaches
along rivers; a reach is defined as a continuous piece of surface water with similar hydrologic and geomorphic
characteristics (USGS, 2007); reach scale changes in river styles were determined specifically by wholesale changes
in any one of these parameters. The greatest challenge in this exercise was to discern changes in boundary
conditions that trigger shifts in river character and behavior, and thus, changes in river styles. These boundaries
can be distinct, as in an abrupt constriction or expansion of the valley walls, which create dramatic changes in
sediment storage and channel forms; or they can be diffuse and transitional, a scenario that was common to river
styles of partly-confined valley settings.
Guided by the river styles procedural tree produced for the MFJDW (Figure 4), we organized fourteen river styles
trees sorted by valley confinement (Figure 3): river styles of laterally unconfined valley settings (Figure 32), river
styles of partly confined valley settings (Figure 33), and river styles of confined valley settings (Figure 34).
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Figure 32. River styles Tree for Middle Fork John Day Watershed streams in laterally unconfined valley settings.
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Figure 33. River styles tree for Middle Fork John Day Watershed streams in partly confined valley settings.
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Figure 34. River styles tree for Middle Fork John Day Watershed streams in confined valley settings.
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4.1.2 SUMMARIES OF RIVER STYLES IN LATERALLY UNCONFINED VALLEY SETTINGS
Four river styles flow within laterally unconfined valley settings, where the channel is in contact with the valley
margins between less than 10% of the reach length (Figure 35 and Appendix A). The Low-moderate sinuosity gravel
bed and Meandering gravel bed river styles have broad, fine-grained floodplains, and comprise a large portion of
the alluvial-filled valley segments along the mainstem MFJDR from the headwaters to Camp Creek. The Alluvial fan
river style is unique in the watershed. This river style occurs as local sediment sinks where tributaries meet the
mainstem, and consist of gradually dispersed and broadened fan-shaped landforms with several distributary
channels along the surface. Finally, the Intact valley fill river style is found In small closed basins throughout the
watershed. They comprise discontinuous channels that resemble swales, and are punctuated by ponds and
evaporative areas. This river style represents an important buffer between established channels and uppermost
meadows and open areas that could eventually become integrated with first order streams.
The Low-moderate sinuosity gravel bed river style occurs in areas of the middle catchment where valley expansion
or widening has locally created greater accommodation space, lowered gradient and consequent deposition of a
wide, uniform floodplain. This river style occupies laterally unconfined valley settings, where the channel is free to
adjust across the floodplain unimpeded, and is thus planform-controlled. The channel interacts with relatively steepsided canyon walls or low relief alluvial fans less than 10 % of the time along its length. The floodplain is composed
of vertically accreted, fine-grained clay silt and fine sand deposited by successive overbank floods. Paleochannels
and meander cutoffs are common and attest to a history of meandering planform adjustment. The channel adopts
a single thread, moderately sinuous, actively meandering planform, with occasional chute cutoffs at meander bends.
The banks are stable and possess a steep-sided channel shape. The bed is underlain by gravel and cobbles. Instream
geomorphic units include runs in straight sections, and pool-riffle-pool sequences developed at meander bends.
Point bars are common, with occasional diagonal and lateral bars present. At base flow stage, the river is contained
within the channel, and tends to accentuate cutbanks at the apex of meandering bends, driving translational and
lateral meander adjustment. At bankfull and overbank stages, the planform is prone to floodplain accretion, as fines
accumulate on the surface in zones of overbank sheetflow and deceleration. This river style occurs only on the
mainstem MFJDR. The Proforma site for this river style (Figure 8 and Appendix A1.1) is a moderate-condition variant
of the condition expected for this River Style. Heavy channel-wall reinforcements added to cut banks in restoration
reaches aim to prevent channel adjustment. Most adjoining floodplains host extensive areas of replanted riparian
species.
The Meandering gravel bed river style is typical of open, laterally unconfined valley settings defined by meadowlike areas surrounded by low relief and rounded topography. The floodplain is an extension of the fine-grained valley
fill surface that lacks terrace development, but is punctuated with ponds, meander cutoffs, and paleochannels
demonstrating active channel adjustment. This single thread, continuous channel has a high sinuosity, tortuous,
irregular meandering planform. The channel is steep-sided and stable, beset with pools, riffles, runs and glides.
Cutbanks line the base of riffles along bends. The channel bottom is gravel (mostly of pebble size). The MFJDR and
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several tributaries possess this River Style, some of which are intermittent streams. Along Squaw Creek in the
southeast part of the watershed, extensive channel-spanning restoration structures are installed, resulting in
formation of plunge-pools, undercut banks, and eddy bars. Effective channel adjustment occurs at bankfull stage,
and overbank stages tend to force active side channels and ponds. The Proforma site chosen is a good-condition
variant of this river style.
The Intact valley fill river style possesses the only discontinuous channel form identified in the MFJDW. These
shallow, smooth-sided discontinuous Channels occupy completely laterally unconfined valleys and consist of gently
meandering swales terminating at intermittent ponds. The source of runoff for these discontinuous drainage
systems is low relief, rounded uplands, and shallow subsurface throughflow from adjacent hillslopes. In the MFJDW,
this river style is a moderate to poor variant – it is associated with extensively grazed areas close to farming
operations. Today, significant runoff is contained in ponds and existing channels. Paleochannels seen in plan view,
however, suggest these muted channels may once have integrated with tributaries of the MFJDR.
The Alluvial fan river style occurs in laterally unconfined valleys at the mouths of mainstem tributaries. Here the
channel is generally a single thread flowing across a broad, fan- or arcuate-shaped surface where tributary valleys
open or expand into the main trunk river floodplain. This river style generally has two components: a tributary
segment where the stream completes a transition from its upstream river style to the Alluvial fan River Style, and a
down-fan segment where the stream emerges from the tributary valley and flows to a new base level into the trunk
stream valley. Here the river loses energy and deposits its sediments across the fan surface. In the MFJDR where
sediment flux from tributaries is not profuse, these fan systems generally have a single, somewhat stable channel,
unlike sediment-rich fan systems where distributary systems are dynamic and change location with regularity.
Likewise, the fan surface itself tends to be fine grained and of subtle relief in most cases. Fans are composed of
coarser sediments than are the mainstem floodplain. Episodes or pulses of tributary sedimentation rarely
synchronize with flood stage deposition of fine sediments on the mainstem. This generally creates an interfingered
stratigraphy where the landforms conjoin.
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Figure 35. River styles of laterally unconfined valley settings in the Middle Fork John Day Watershed. The floodplain and landscape features
associated with the Alluvial fan river style is visible in the background of this photograph.
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4.1.3 SUMMARIES OF RIVER STYLES IN CONFINED VALLEY SETTINGS
A majority of perennial, intermittent, and ephemeral watercourses in the MFJDW reside in confined valley settings
(Figure 36 and Appendix A). Generally, high order (1st-3rd) streams begin as declivities on steep hillslopes. In forested
areas these uppermost headwater streams are typically perennial, although small—the Steep perennial headwaters
river style. In non-forested or sparsely forested regions of the watershed, these streams are reliant on stormgenerated overland flow. Once established in confined bedrock valleys, the ephemeral network gradually becomes
more diverse in terms of instream geomorphic units, but is directly connected to hillslopes and receives colluvium
as a fraction of their bed material. Thus, the Confined valley boulder bed river style is ubiquitous in the watershed
and is found in an intermediate position between steep hillslopes and streams lower in each catchment
characterized by intermittent and perennial flow, and wider valleys. The Confined valley step-cascade river style is
found higher in a few steep catchments with coarse substrate, and typically hosts sequences of step-cascades,
rapids, and pools. Throughout the MFJDW, streams flowing in confined valleys and in mid-catchment landscape
positions are of the Confined valley with occasional floodplain pockets river style. These typically have short and
narrow floodplain pockets colonized by healthy, rich riparian vegetation. They also provide refugia for young
salmonid species higher in the tributaries. Finally, the largest and most spectacular canyons of the lower watershed
host streams of the Entrenched bedrock canyon river style. They are antecedent, entrenched meanders and form
the interface between the Dissected Tablelands and Dissected Uplands landscape units in the semi-arid northwest
portion of the watershed.
The Steep ephemeral hillslope river style represents 63% of all first-order streams in the watershed. These steep
ephemeral channels originate from branched head cuts, and collect overland sheetflow and shallow subsurface
throughflow from hillslopes into single thread drainages. This river style is densely associated with semi-arid
dissected tablelands and uplands in the northeast portion of the watershed. Channels are completely confined by
adjoining hillslopes. The planform is bedrock-controlled and aligned by the valley through which it flows. Bed texture
is coarse, with angular material eroded and transported downslope from adjacent hillslopes or is bedrock exposed
through scouring overland flow. Instream geomorphic units are step-pool sequences and cascades and plunge pools.
Cutbanks tend to form where hillslopes shed sediments rapidly into the channel and are removed by intermittent
stream flow.
The Steep perennial headwater river style is typical of first-order streams formed in forested uplands of the central
and eastern MFJDW. Streams of this river style are mapped as perennial (USGS, 2007) and tend to collect snowmelt,
overland and subsurface flow, and commonly, spring flow in their channels. Like other first-order streams in the
watershed, they are 100% confined in narrow channels whose planform is bedrock-controlled and aligned in valley
junctions. Channel lengths are commonly influenced by coarse, hillslope-sourced mass-wasted deposits, and by
dense wood jams. Channels traversing bedrock and coarse deposits are marked by cascades, steps and plunge pools;
whereas, areas with well-developed soil profiles exhibit a deeper “notched” channel shape obscured by forest
vegetation and woody debris.
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An extensive system of intermittent 2nd-4th order streams distributed throughout the MFJDW comprise reaches of
the Confined valley boulder bed river style. These streams occupy confined valley settings with bedrock-controlled,
valley aligned planforms. In general, they are straight to slightly sinuous with occasional anabranching channels, and
coarse debris flow deposits. Yet these are significantly more diverse in terms of instream geomorphic units than are
channels of the steep headwater areas—they include rapids, runs, and cutbanks that occur where the stream bed
meanders slightly and intersects imposing hillslopes or debris flow deposits. In general the bedrock streams have
steep gradients and beds underlain by a relatively thin veneer of coarse gravel, cobbles and boulders.
The Confined valley step-cascade river style was identified in steep, southwest-draining tributary streams associated
with dissected uplands and more resistant metasedimentary rocks. The planform is straight to slightly sinuous and
single thread with occasional secondary channels forced by debris flows and local channel widening. Floodplain
geomorphic units include narrow, elongate terraces and down-channel oriented boulder berms. Instream
geomorphic units include step-cascade sequences, pools, rapids, and occasional runs. Bed material is coarse,
dominated by boulders, cobbles, and coarse gravel with alternating sections of exposed bedrock scoured by high
flows. Base flow is contained within the channel and may locally rework gravels, but has little effect on the
configuration of geomorphic units. Bankfull or overbank deposits have the energy to erode and incorporate coarse
hillslope and terrace material, and rework instream geomorphic units. Large recruitment of wood from hillslopes
choke the channel and effectively force changes to bar morphology during high flows.
The Confined valley with occasional floodplain pockets river style occupies narrow tributary valleys with channels
that are tightly constrained by steep hillslopes and locally, bedrock cliffs. Discontinuous, narrow and elongate
floodplains are underlain by fine sediments. Occasional terraces bound floodplain segments. This river style is
commonly found in steep-walled valleys of forested, dissected uplands, and exhibits a low sinuosity, single-thread,
bedrock-controlled planform. Instream geomorphic units include riffles, runs, rapids, and occasional steps-pool
sequences. Structural elements include instream wood. Bed material is dominantly boulders, cobbles and coarse
gravel. At base flow the river is contained within the immediate channel, but is capable of reworking in-channel bars
and eroding relatively stable, steep-walled banks. Overbank flows tend to rework woody debris and in-channel
geomorphic units, and to vertically aggrade the fine grained floodplain.
In the northwest region of the watershed, the semi-arid Dissected Tablelands landscape unit is underlain by a thick
succession of Columbia River Basalt. Through a combination of regional uplift and incision, the northwest-flowing
MFJDR and its largest tributary, Long Creek, incised the bedrock landscape as antecedent streams. Thus these
streams inherited a relict, large-amplitude, superimposed sinuosity and are defined by the Entrenched Bedrock
Canyon River Style. This river style flows through steep-walled, confined bedrock valleys. Little accommodation
space exists in the valley bottoms, yet the channel is hemmed by recurring elongate narrow floodplains along both
banks. These discontinuous floodplains are underlain by silt and fine sand, and inset by terraces at channel bends.
The planform is single thread, bedrock-controlled, straight to slightly sinuous within a superimposed meandering
outline. The Instream geomorphic units of this river style reflect the greatest channel width and discharge
characteristics of the MFJDW. They are dominated by plane bed morphology—riffles, runs and glides punctuated by
scattered boulders. Pools are present as well, but are subtle. Instream and bank-attached bars include point bars,
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streamlined mid-channel bars resembling islands, and longitudinal bars. Structural elements include bankaccumulated woody debris. Bed material is dominated by cobbles with occasional boulders. The MFJDR is a
moderate to poor condition variant of this river style because of the presence of the two-lane highway built through
the canyon. Thus, the northeast bank has been modified by bank-reinforcing structural elements (mostly large
boulders).

Figure 36. River styles of confined valley settings in the Middle Fork John Day Watershed.
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4.1.4 SUMMARIES OF RIVER STYLES IN PARTLY CONFINED VALLEY SETTINGS
Five river styles were defined within partly-confined valley settings, where the channel is in contact with the valley
margins between 10 and 90% of the reach length (
Figure 37 and Appendix A). These streams flow downstream of confined valley settings in most areas (although a
few exceptions to this exist) and represent a larger accommodation space and broadly infilled valley bottoms. Thus
they host river styles with more diverse in-channel and floodplain geomorphic unit assemblages and lie within the
middle to lower watershed landscape positions. Elongate floodplain river styles have bedrock-controlled
discontinuous Floodplains. The Low sinuosity planform-controlled anabranching, Meandering planform-controlled
discontinuous floodplain and Low-moderate sinuosity planform-controlled discontinuous floodplain river styles
have planform-controlled discontinuous floodplains.

Figure 37. River styles of partly confined valley settings in the Middle Fork John Day Watershed
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The Low sinuosity planform-controlled anabranching river style describes steep gradient streams of the central
catchment area. These reside in steep walled, partly confined valley settings with ample accommodation space for
accumulation of coarse stream bed gravels. The channel planform has a low to moderate sinuosity, bedrockcontrolled single thread, but in areas of local widening exhibits multi-channel anabranches. Floodplain geomorphic
units are diverse, with paleochannels and paleocutbanks marking an undulating surface inset into fine-grained
Holocene discontinuous terrace segments. The planform is strongly controlled by alluvial and debris fans along Cable
Creek, but is bedrock-controlled in Granite Boulder Creek, the two tributaries of the MFJDR where this river style is
observed. Instream geomorphic units are dominated by coarse planar features: riffles, rapids and runs; and by bank
– attached and mid-channel gravel bars. Wood jams are abundant in the channel, and promote structurally-forced
bars. The floodplain topography of Cable Creek has been influenced by abundant boulder debris flows emanating
from west-flowing tributaries, and by the presence of a small-gauge railway that allegedly ran up canyon, giving the
floodplain a hummocky or undulating appearance. If railway and mining efforts are responsible for this to a greater
degree than debris flows, then it should be considered a poor to moderate condition variant. In Granite Boulder
Creek, the presence of a gravel road is the only impact and is determined a good-condition variant of this river style.
The Bedrock-controlled elongate discontinuous floodplain river style comprises reaches of the MFJDR between the
historic towns of Bates in the upper watershed downstream to Galena at the head of the bedrock Canyon. This river
style has naturally occurring and human-created variants along the MFJDR. Valley width varies significantly along
this length, but the channel is confined by bedrock along the valley margin greater than 80% of the reach length
where this river style occurs. The channel is single thread with the occasional anabranch, island and chute cutoff.
The planform is bedrock-controlled and has low to moderate sinuosity. Floodplains are usually greater than 200
meters wide, with terraces, meander cutoffs and paleochannels. The presence of scroll bars as well as wide uniform
floodplains indicate a combination of vertical and lateral accretion processes are responsible for floodplain
aggradation. Instream geomorphic units are dominated by riffles, runs, pools, point bars and scroll bars. Sections of
this river style have been heavily treated with bank-attached restoration structures, and whole diversion channels
have been constructed to mediate mining operations and restore the river to its original channel following early or
mid-century diversion to create pasture for farming and grazing. Floodplain material ranges from fines to coarse
gravel, and bed material consists of cobble, gravel and sand. To a large degree, the laterally unconfined (Lowmoderate sinuosity gravel bed river) and partly confined sections of the mainstem MFJDR are most impacted by
human disturbance of the entire watershed through grazing, farming and mining activities.
The Bedrock-controlled elongate discontinuous floodplain river style dominates the Long Creek subcatchments of
the northwest region of the MFJDW, along Pine, Pass, Long, and Basin Creeks. These tributaries flow from highlands
to the west and south across shallow valleys carved into Dissected Tablelands of the Columbia River Basalt. The
Planform of these streams is bedrock-controlled (in the present day), and exhibits either straight or low sinuosity
and are single-threaded. Valley bottom alluvial floodplains are fine grained with a uniform surface, and are ~50 to
over 200 meters in width. These floodplains are currently used for grazing and hay growing, and evidence suggests
that long creek and its tributaries have been diverted and straightened to make way for agricultural use, and are
now well established with healthy riparian cover. Thus, there is ample capacity for the stream to adjust in its
floodplain, but at present flows for long distances pinned against one gently sloping valley wall or the other. These
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engineered segments are poor-condition variants of this River Style, but some moderately sinuous reaches are
unaltered and are good-condition variants. Floodplain geomorphic units include paleochannels, ponds, and
secondary channels, but are probably relict features predating manipulation of the stream bed. Instream
geomorphic units include riffle and run sequences, pools, cutbanks, and point bars. Cutbanks are common where
hillslope sediments impose upon the stream course (as in prograding colluvial sheet wash or subtle alluvial fan
development). Bed material consists of cobbles and gravel.
The Meandering planform-controlled discontinuous floodplain river style is common to the central and
southeastern portions of the watershed, within the Rounded Uplands Landscape Unit underlain by myriad volcanic
rock units. This river style flows within partly confined valleys possessing planform-controlled, discontinuous
floodplains. Channels have medium to high sinuosity and are actively meandering. Floodplains are vertically
aggraded, fine-grained and stable, with a uniform surface marked by paleochannels, meander cutoffs, ponds, and
discontinuous terrace segments. Pool-riffle sequences are the dominant geomorphic units, interspersed with runs
and glides positioned between bends. Cutbanks occur at the base of riffles where they transition to pools along
bends, and chute cutoffs are common at bends. Floodplain material is clay, silt and fine sand, whereas bed material
is cobble, gravel and sand. Structural elements include channel-spanning and bank-attached woody debris but
channel-spanning restoration structures designed to create local pools have been installed along the MFJDR at the
Meandering planform-controlled discontinuous floodplain river style proforma site (Figure 38). At base flow, the
stream is contained within the steep-walled channel, flows innocuously through pools, riffles, and runs. At bankfull
flows, significant channel adjustment may occur as cutbanks erode, point bars advance and meanders translate or
widen position. At overbank stage floodplain scour and aggradation occurs.
The Low-moderate sinuosity planform-controlled discontinuous floodplain river style is typical of upper tributaries
in the central and eastern Rounded and Dissected Uplands, but is not found on the MFJDR. Streams of this river style
flow through partly confined valleys, have single thread, moderate to low sinuosity planforms, and are actively
meandering. Floodplains are discontinuous, 40-100 meters in width, and tend to have an irregular or undulating
surface. Instream geomorphic units are diverse and include riffles, runs, steps and pools, chute cutoffs, cutbanks,
and a variety of bar forms compound, point, mid-channel, and diagonal). Abundant wood loading tends to form jams
and pour-offs, and create structurally-forced bar forms. Floodplains are underlain by clay, silt and sand, and bed
material is dominated by coarse gravel and cobble.
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Figure 38. Proforma maps, conceptual and measured cross-sections, and descriptive photographs for the meandering planform-controlled discontinuous floodplain River Style. See Appendix A for
all river style proformas.
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4.1.5 RIVER STYLES MAP AND INTERPRETATION
We present a watershed map of river styles of the MFJDW in the context of five HUC 10 watersheds. Figure 39 and
Figure 40 show the distribution of river styles, stream length data, and valley confinement for all streams mapped
on the NHD plus Version 2 streamlines dataset plus all headwater streams not mapped by NHD, but clearly visible in
aerial imagery. The 2050 km2 MFJDW contains ~4120 km of ephemeral, intermittent, and perennial streams.
Hypsometric characteristics of the MFJDW (Strahler, 1952) produce a high density of steep, ephemeral and
intermittent streams of confined valley settings, comprising more than 80% of all watercourses (Figure 39). These
confined streams dominate river styles supporting few if any anadromous fish. To obtain a clear picture of the
distribution of river styles in ecologically and biologically productive reaches, we recalculated stream lengths for the
watershed but excluded the Confined valley boulder bed, Steep ephemeral hillslope, and Steep perennial headwaters
river styles (Figure 40). Viewed this way, the remaining 960 km of anadromous reaches represent a more equal
distribution amongst confined, partly confined and laterally unconfined valley types. River styles of confined valley
settings are a majority of these (i.e., the Entrenched Bedrock Canyon and Confined Valley with Occasional Floodplain
Pockets river styles), but the important fish-bearing streams are also represented by those of partly confined and
laterally unconfined valley settings. Important among these are the Low-moderate Sinuosity Planform-controlled
Discontinuous Floodplain, Bedrock-controlled Elongate Discontinuous Floodplain, Meandering Planform-Controlled
Discontinuous Floodplain, Meandering Gravel Bed, Low-moderate Sinuosity Gravel Bed River and Alluvial Fan river
styles. Reaches of the Intact Valley Fill river style are common in each watershed, but their discontinuous channels
occupy positions higher in watersheds related to perched meadows and local, internally drained valleys.
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Figure 39. Distribution of all river styles (perennial, ephemeral, and intermittent) in the Middle Fork John Day Watershed, in context of HUC 10 watersheds.
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Figure 40. river styles of perennial and intermittent anadromous streams in terms of stream length and valley confinement and in context of
HUC 10 watersheds.
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4.2
ASSESSMENT OF CONTROLS ON
DOWNSTREAM PATTERNS OF RIVER STYLES
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In this section, we outline the procedure for analyzing controls on river character and behavior through recognition
of downstream patterns of river styles, and through analysis of stacked longitudinal profiles. Controls on the type
and distribution of river styles include slope, elevation, stream power, upstream drainage area, valley setting, and
sediment process zone.

4.2.1 DOWNSTREAM PATTERNS OF RIVER STYLES
The exercise of assigning river styles to streams of a catchment create a picture of river character (its geomorphic
attributes) and behavior (the range or capacity for adjustments given boundary conditions) for each one. Recognition
of downstream patterns of river styles in any individual stream forms the basis for analyzing conditions operating in
separate subcatchments, and for understanding the physical controls governing those patterns. Nine downstream
patterns of river styles were identified for the MFJDW, of which minor variants exist based on local subtleties in
landscape and bedrock characteristics (Figure 41).


Pattern 1: Northeastern tributaries: flow southwest from small watersheds draining the Columbia River
Basalt formation in the semiarid lower watershed. They consist of Confined valley boulder bed, Bedrockcontrolled discontinuous floodplain, and Confined valley with occasional floodplain pockets. Rivers with
this pattern: Tributaries between 3-mile and Rush Creek on River Right.



Pattern 2: Northeast tributaries: are the same regional setting, but farther to the southeast. These begin
with Steep ephemeral hillslope to Confined valley boulder bed, Confined valley with occasional floodplain
pockets, and terminate with the Alluvial fan River Style. Rivers with this pattern: Granite, Indian, Big, and
Bear Creeks, and several other named and unnamed tributaries.



Patterns 3 and 4: North-central tributaries, and Granite Boulder Creek: are those that begin as steep
headwaters and lead through confined, bedrock-controlled valleys. This pattern represents the
geomorphic attributes of larger southwest-draining streams on the northeast side of the MFJDR, and is
the only one to include the Confined valley step-cascade River Style. Rivers with this pattern: Big Boulder
and Granite Boulder Creeks and their tributaries; and North Fork Elk Creek.



Pattern 5 – North central and eastern (MFJDR headwaters) begin with steep headwaters and transition
to confined, bedrock-controlled valleys or partly confined valleys dominated by the Low-moderate
sinuosity planform-controlled discontinuous floodplain river style. Many southwest-draining streams on
the northeast side of the MFJDW have this pattern. However, streams in the western catchment flowing
across the Dissected Tablelands sometimes begin with the Steep ephemeral hillslope river style as their
uppermost first-order streams, and those of the middle catchment often alternate Confined valley with
cccasional floodplain pockets river style with Low-moderate sinuosity planform-controlled discontinuous
floodplain between the headwaters and confluence with MFJDR. There seems to be no direct correlation
between one pattern variant and the other, but it is common to see the Low-moderate sinuosity
planform-controlled discontinuous floodplain high in the catchment, as is typical of Patterns 1-3. Rivers
with this pattern: Vinegar, Bridge, Summit, Squaw, North Fork Summit, and Crawford Creeks.
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Pattern 6: South central and southeastern tributaries: are those that begin as steep headwaters and
lead through confined, bedrock-controlled valleys. They become wider and end with Low-moderate
sinuosity planform-controlled discontinuous floodplain or Meandering gravel bed, ending in the Alluvial
fan river style. Rivers with this Pattern: Clear, Dry Clear, and Bridge Creeks.



Pattern 7: Long Creek and its major tributaries: These river styles are unique to the Long Creek
Subcatchment. Once Long Creek and South Fork Long Creek pass through the dissected uplands landscape
unit and arrive atop the Dissected Tablelands, they flow across the basalt plateau as the Bedrockcontrolled elongate discontinuous floodplain river style, and descend through the plateau as the
Entrenched bedrock canyon river style. Rivers with this Pattern: Long Creek, South Fork Long Creek, and
Pass, Pine, and Basin Creeks.



Pattern 8: Camp Creek: This diverse watershed has a high degree of variability in stream types in the
watershed, and is among the most pristine of the northeast draining streams. Rivers with this Pattern:
Camp Creek, Lick Creek, Slide Creek.



Pattern 9: MFJD River: the mainstem MFJDR comprises alluvial valley-fill river styles—Low-moderate
sinuosity planform-controlled discontinuous floodplain, low-moderate sinuosity gravel bed river, and
Meandering gravel bed river styles—all of whom have high adjustment potential and sinuous or
meandering planforms, except where they are strongly bedrock-controlled.
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Figure 41. Downstream Patterns of river styles in Middle Fork John Day Watershed.
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4.2.2 Controls on River Character and Behavior P lotted on Longitudinal Profiles
Coalescing patterns of landscape units, lithology and rock strength, stream power and drainage basin area are
important controls on river character and behavior (Brierley and Fryirs, 2005). These parameters converge in
patterns throughout the watershed and are the basis for defining river styles on the reach scale. Longitudinal profiles
were plotted to define controls on the main stem MFJDR and four tributaries (Camp Creek, Bridge Creek, Big Boulder
Creek, and Long Creek) (Figure 42 and Figure 43). Valley setting, channel slope, and lithology are Imposed Boundary
Conditions, parameters that are effectively set on millennial timescales, whereas flux boundaries conditions indicate
the limits of a river’s natural capacity for adjustment in terms of its planform, sediment caliber, and configuration of
geomorphic units.
In each of the stacked profiles, we plotted (a) elevation, the longitudinal profile itself reflecting valley slope; (b)
upstream catchment area, which increases with downstream distance; (c) landscape units (see Section 3.3.2), as
they intersect the longitudinal profile; (d) stream power, the measured value of work being done on the bed and
banks of the channel by the flowing stream (see section 2.1.4); (d) river styles and their reach boundaries along the
profile; and (e) sediment process zone and transport regime.
We interpret process zones and transport regimes primarily from valley setting. Erosion and coarse sediment
production are dominant processes in confined valleys settings. A balance between sediment storage and
throughflow are typical of partly confined valleys, and laterally unconfined valleys generally reflect broad zones of
sediment accumulation. Stream power drives changes in channel gradient and discharge, which relates to upstream
drainage area. In all of the profiles, the peak of higher stream power is skewed in the downstream portion of the
profile as Q increases (Figure 43). This reflects the relatively constant gradient of each stream (if gradient decreased
near the base of the profile, as in a stream graded to its base level, stream power would decrease also despite the
increase in Q).
As discussed in section 3.3, controls on the longitudinal profile of a stream are dominated by the strength of the
geologic units over which the stream flows, the relief, and the slope of the channel (Pederson and Tressler, 2012).
Figure 10 shows each of the study streams in their subwatershed context. All five rivers have relatively smooth
profiles, but close observation reveals some notable features. MFJDR for example, descends rapidly from its
headwater stream (Squaw Creek), but thereafter assumes a relatively constant gradient along the course toward its
base level at the North Fork John Day River (Figure 42). A convex or straight profile may indicate the MFJDR is
actively storing and transferring bed load and mixed load sediments, or is at least displaying the threshold conditions
for a bedload stream (e.g., Eaton and Church, 2004). Indeed, the downstream pattern of valley width along the
MFJDR suggests that lateral erosion is keeping pace with incision, and creating ample accommodation space for
sediment storage in the form of wide alluvial flood plains (see Figure 35). There are a few knick points coincident
with major tributaries, and spikes of stream power situated at the local irregularities indicate the increased energy
required by the river to reacquire a smooth gradient.
The next largest subwatershed is Long Creek, whose tributaries head in steep highlands and quickly lose energy as
the streams intersect the broad Dissected Tablelands landscape unit underlain by the Columbia River Basalt. In this
segment, streams flow within shallow, low-sinuosity bedrock channels with narrow alluvial floodplains. The change
of grade at this point is clearly visible on the profile, followed by another distinct increase in gradient and stream
power where bedrock streams drop off the dissected plateau to meet the mainstem MFJDR (Figure 43B).
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The remaining tributaries show characteristics of short, steep streams draining uplands and highlands over resistant
bedrock. The profile of Big Boulder Creek is distinctly convex as it flows from subalpine highlands over resistant
granitic bedrock (Figure 21; Figure 43D), after which it tends toward a graded condition along with increased valley
width and decreased gradient. The profile of Bridge Creek exhibits two knickpoints that are coincident with larger
tributaries, and increased stream power, suggestive of higher sediment input at those locations (Figure 43A). Camp
Creek is a stream whose relatively static profile reveals little about the geomorphic diversity there: typically steep
headwaters transition smoothly from a confined valley to partly confined and then laterally unconfined reaches with
ample storage of sediments—coarse gravel overlain by fine grained alluvial floodplains. The channel then transitions
through a narrow gorge, followed by a partly-confined valley with anabranching channels beset in a coarse gravel
substrate. Thus, Camp Creek appears to be storing and conveying a bimodal range of sediment caliber and volume
(Figure 43C).
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Figure 42. Controls on downstream patterns of river styles on the MFJD River and Squaw Creek.
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Figure 43. Controls on downstream pattern of river styles on (A) Bridge Creek, (B) Long Creek, (C) Camp Creek, and (D) Big Boulder Creek,
tributaries of the Middle Fork John Day Watershed. Key to abbreviations: CV-FP = Confined valley with occasional floodplain pockets; BC-EFP
= Bedrock-controlled elongate discontinuous floodplain; EBC = Entrenched bedrock canyon; LSGB = Low-moderate sinuosity gravel bed river;
LS-PCA = Low sinuosity planform-controlled anabranching; MGB = Meandering Gravel Bed; M-PC-FP = Low-moderate sinuosity planformcontrolled discontinuous floodplain; SPH = Steep Perennial Headwaters; CV-SC = Confined valley step-cascade; AH = Alpine Highlands; HA =
Holocene Alluvium; Accum = accumulation. C = confined; UC = laterally unconfined; PC = Partly Confined. For key to colors see Figure 42.
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STAGE TWO: ASSESSMENT OF GEOMORPHIC CONDITION

The completed baseline survey of river character and behavior—river styles Stage One—sets the stage for
subsequent analyses of geomorphic condition and geomorphic recovery potential that inform watershed
management strategies for the MFJDR. At this point, we will focus only on perennial and some intermittent streams
that are important to Salmonid populations. 75% of channels in the MFJDW are ephemeral or intermittent but do
not generally support fish populations. Moreover, most of these are low-order drainages (first through third) that
we assume are in Intact or good geomorphic condition and therefore represent healthy conservation reaches in the
watershed. In areas where this does not hold up, they are marked with the appropriate condition designation.
DISCLAIMER: This report is based on a dataset recorded during 14 days of fieldwork carried out at proforma sites
(Figure 7 and Figure 8; Table 1 and Table 2; Appendix A) and site visits to locations of river style variants (i.e.,
Appendix B). Data pertaining to variant condition were extrapolated across similar reaches and are somewhat
subjective. Additionally, the assessment of geomorphic condition was framed mostly in terms of human impacts
and pressures. The MFJDW is remarkably stable geologically and does not exhibit a wide variety of evolutionary
signatures that allow various “legs” of geologic and geomorphic development ongoing in the watershed to be
discerned (Fryirs and Brierley, 1999; Fryirs et al., 2012)).
Geomorphic condition is a measure of deviation from the “natural or expected state” of any given stream reach. The
natural or healthy state refers to the ability of a river to function as expected given its particular valley setting. The
geomorphic condition further records the effects of limiting factors and pressures imposed by human land use. It is
a key ingredient for determining reach recovery potential (river styles Stage Three), and eventually, the formation
of strategic management plans. Geomorphic condition is also the measure of a river’s capacity for adjustment, the
potential to modify its channel shape, instream geomorphic units, and floodplain. Separate reaches of the same river
style may display physical differences that are understood by comparing each one to a “reference reach”, the most
suitable (and often, the most pristine) example found in the watershed.
A geomorphic condition assessment, then, follows three steps: first, the capacity for adjustment of each river style
is determined (Section 5.1 Capacity for Adjustment of River Styles—Determining Reach Sensitivity to Disturbance.
Next, the suite of river styles in the context of channel evolution and river history is assessed to identify whether
irreversible geomorphic change has occurred and to identify an appropriate reference condition in the watershed
(Section 5.2). Finally, the geomorphic condition of each reach is determined. The output or product is a watershed
map where river styles are found to be intact, or in good, fair, or poor geomorphic condition (Section 5.3.2).
To illustrate the process of deriving geomorphic condition from reaches of every river style, we provide examples
from just one, the low-moderate sinuosity gravel bed river style (Figure 32). It is a keystone river type for this
watershed because they have high capacity for adjustment and sensitivity to disturbance, and comprise critical
anadromous reaches and proximity to restoration projects along the main stem MFJDR. Additionally, these reaches
have incurred intense historic land use pressures and alterations, and most are tagged in this report as high priority
for mitigation. Geomorphic condition data and explanations for all river styles is in Appendix B.
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5.1
CAPACITY FOR ADJUSTMENT OF RIVER STYLES—DETERMINING REACH SENSITIVITY TO
DISTURBANCE
The capacity for adjustment is defined as “morphological adjustments brought about by the changing nature of
biophysical fluxes that do not record a wholesale change in river type”. Put differently, it is the range of channel and
floodplain changes that are possible given current flow and sediment inputs to the system, whereby the river style
does not change from one to another. The adjustment potential of a stream is the gauge of sensitivity to local and
system-wide disturbances in the watershed.

5.1.1 ADJUSTMENT POTENTIAL MEASURED WITH RELEVANT GEOINDICATORS
River styles possessing low adjustment potential are resistant to natural or anthropogenic disturbances, whereas
those with significant adjustment potential are susceptible to the effects of disturbances (Table 12 and Figure 12).
Rivers of confined valley settings tend to have low capacity for adjustment because they typically flow within narrow
bedrock walls and possess limited, discontinuous floodplains, if any. Intervening bedrock restricts the shape of
confined valley channels, leaving only the arrangement of coarse bed material as a mode of adjustment. River styles
of laterally unconfined and partly confined valley settings, on the other hand, generally have moderate to high
adjustment potential because their broad, fine grained floodplains promote dynamically shifting meandering
planforms (Figure 3 and Figure 12).
Table 12. Capacity of adjustment of river styles in the Middle Fork John Day Watershed

River Style

Channel
attributes

Channel planform

Bed character

Capacity for adjustment

Confined Valley Settings
Steep headwaters
Steep ephemeral hillslope
Confined valley boulder bed
(intermittent)
Confined valley step-cascade
Confined valley with occasional
floodplain pockets
Entrenched bedrock canyon
Laterally Unconfined Valley Settings
Intact valley fill
Low-moderate sinuosity gravel bed
river
Meandering gravel bed
Alluvial fan
Partly Confined Valley Settings
Low sinuosity planform-controlled
anabranching
Bedrock-controlled elongate
discontinuous floodplain
Meandering planform-controlled
discontinuous floodplain
Low-moderate sinuosity planformcontrolled discontinuous floodplain

Low
Low
Low
Low
Low
Low
Moderate
High
High
High
Moderate
Low
Moderate
Moderate
Minimal or no adjustment potential
Localized adjustment potential
Significant adjustment potential
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The Capacity for adjustment of each river style summarized in Table 12 is based on specific geomorphic attributes
related to the channel, planform, and bed material (called geoindicators; Table 13-Table 15). Not all geoindicators
are relevant to measure for every river style; only those capable of adjustment are listed and used to assess
geomorphic condition of every river style reach in each valley setting of the MFJDW. The capacity for adjustment
and relevant geoindicators are used as a basis for measures of good geomorphic condition for each river style and
determination of a reference condition in the following sections.
River styles of confined valley settings are, in general, quite stable. Adjustment potential in steep bedrock valleys
with coarse bed material is restricted to instream geomorphic units and small floodplain pockets within the channel
bed (Table 12). Important geoindicators are grain size and sorting, sediment storage, and woody debris recruitment
that may improve the diversity of hydraulic units. Geoindicators of channel attributes and planform are not
considered because floodplains are commonly absent and channels are armored by coarse sediment. In two
confined valley river styles, narrow discontinuous floodplain segments exist in the channel and are prone to local
modification. River styles of partly confined and laterally unconfined valley settings, however, are considerably more
diverse across categories and capable of significant adjustment (with the exception is the Intact Valley Fill river style,
which consists of shallow, discontinuous channels) (Table 12 and Table 13, respectively).
Table 13. Geoindicators used to measure the geomorphic condition of river styles of Confined Valley Settings in the Middle Fork John Day
River.

Geoindicator/RS

Channel Attributes
Size
Shape
Bank
Instream vegetation
structure
Woody debris
loading
Channel Planform
Number of channels
Sinuosity of channels
Lateral stability
Geomorphic unit
assemblage
Riparian vegetation
Bed Character
Grain size and sorting
Bed stability
Sediment regime

Steep
perennial
headwaters

Steep
ephemeral
hillslope

Confined
valley
boulder bed

Confined
valley stepcascade

Confined valley
with occasional
floodplain
pockets

Entrenched
bedrock
canyon

No
No
No

No
No
No

Yes
Yes
Yes

No
No
No

Yes
Yes
Yes

Yes
No
Yes

No

No

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No
No
No
Yes

No
No
No
Yes

No
No
No
Yes

No
No
No
yes

No
No
Yes
Yes

Yes
No
No
Yes

No

No

No

No

Yes

Yes

Yes
No
Yes

Yes
No
Yes

Yes
No
Yes

Yes
Yes
Yes

Yes
No
Yes

No
Yes
Yes
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Table 14. Geoindicators used to measure the geomorphic condition of river styles of partly confined Valley settings in the Middle Fork John
Day River.

Geoindicator/river style

Channel Attributes
Size
Shape
Bank
Instream vegetation
structure
Woody debris loading
Channel Planform
Number of channels
Sinuosity of channels
Lateral stability
Geomorphic unit
assemblage
Riparian vegetation
Bed Character
Grain size and sorting
Bed stability
Sediment regime

Low sinuosity
planformcontrolled
anabranching

Bedrock- controlled
elongate
discontinuous
floodplain

Meandering
planformcontrolled
discontinuous
floodplain

Low-moderate sinuosity
planform-controlled
discontinuous floodplain

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
No
Yes
No

Yes
No
Yes
Yes

Yes

No

Yes

Yes

Yes
Yes
Yes
Yes

No
Yes
Yes
Yes

No
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes
Yes
Yes

Yes
Yes

Yes
No
Yes

Yes
No
Yes

Table 15. Geoindicators used to measure the geomorphic condition of river styles of laterally unconfined valley settings in the Middle Fork
John Day River.

Geoindicator
Channel Attributes
Size
Shape
Bank
Instream vegetation structure
Woody debris loading
Channel planform
Number of channels
Sinuosity of channels
Lateral stability
Geomorphic unit assemblage
Riparian vegetation
Bed character
Grain size and sorting
Bed stability
Sediment regime

Low-moderate sinuosity
gravel bed

Intact Valley Fill

Meandering
Gravel Bed

Alluvial Fan

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
No

Yes
Yes
Yes
No
Yes

Yes
No
No
No
Yes

No
Yes
Yes
Yes
Yes

No
No
No
No
Yes

No
Yes
Yes
Yes
Yes

Yes
Yes
No
Yes
Yes

Yes
Yes
Yes

No
No
No

Yes
Yes
Yes

Yes
No
No
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5.2
RIVER EVOLUTION USED TO IDENTIFY THE EXTENT OF GEOMORPHIC CHANGE AND A
REFERENCE CONDITION FOR EACH RIVER STYLE
5.2.1 TIMEFRAME OF CONSISTENT ENVIRONMENTAL CONDITIONS IN MIDDLE FORK JOHN
DAY WATERSHED
Understanding the timeframe over which environmental conditions have remained constant in the MFJDW requires
a reasonable extrapolation of conditions from late Holocene time to the present. Paleoclimate records for the region
(Byron A. Steinmana et al., 2012) suggest that conditions have been stable and weather patterns similar to present
day for the last 3000-4000 years, with the most recent climatic perturbation occurring during the Little Ice Age ~1400
A.D. Regional tree ring and oxygen isotope records show the region was somewhat wetter than today at that time;
however, current conditions in the MFJDW were strongly tied to the period of post-settlement occupation in the
John Day area. The most profound and documented environmental change began following the 1860’s arrival of
settlers in the John Day area when grazing, ranching, logging and channel bed (placer) mining were implemented.
These land use activities began transforming the landscape in ways that adversely affected streams in the watershed.
The timeframe of the sustained landscape pressure is about 160 years, beginning in the mid 1800’s. While tributaries
in forested regions have incurred logging and high country grazing activities, most land use impacts have directly
affected the main stem. The MFJDW is relatively unimpeded by impacts associated with diverted or impounded
flows; albeit some canal diversion exist in the upper Middle Fork and Long Creek areas. Otherwise, little change has
occurred within the current hydrologic regime as interpreted from the 83 years of instrumental record keeping (i.e.,
Figure 26).

5.2.2 EVOLUTIONARY DIAGRAMS OF RIVER STYLES
Reaches of every river style exist in various evolutionary and developmental stages in a typical watershed.
Watershed position and impacts strongly control local variations of in-channel and out-of-channel geomorphic units.
Identifying the attributes responsible for the changes is a key step in assessing their geomorphic conditions. A tool
for this use is construction of “evolutionary diagrams”, a series of conceptual channel cross-sections and planform
schematics that depict different reaches of the same river style, including the type and timing of human
disturbances. Their purpose is to inventory various river style variants, account for differences and controls, and set
the stage for identification of a reference condition for comparing variants. Evolutionary diagrams for all river styles
is in Appendix B.
As an example, we present an evolutionary diagram of the Low-moderate sinuosity gravel bed river style (Figure 44).
The topmost “timeslice” in represents a view of the watershed as it might have appeared prior to settlement. The
channel and floodplain are well-connected, the meandering channel planform is free to adjust, floodplain and
instream geomorphic units are diverse (including abundant woody debris), and a healthy riparian and upland forest
is established on and adjacent to the floodplain—in short, it fulfills criteria for an intact variant of this River Style.
This condition is not found in MFJDW per se, but based on field evidence we assume that a condition akin to panel
1 was present on the mainstem in pre-settlement time.
The second panel shows contemporary Low-moderate sinuosity gravel bed river reaches along the mainstem in
varying degraded states, owing to human land uses (floodplain vegetation clearing, overgrazing, and wetland
drainage) during the early and midcentury. These represent the various states this river style currently assumes
based on the level and type of land use. The third panel (Figure 44C) represents several reaches along the mainstem
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where significant improvements to the channel and floodplain have been made in the last decade (Reclamation,
2008, 2010). The final panel shows the condition where wholesale channel diversion has been applied to many
reaches of the Low-moderate sinuosity gravel bed river style, so that boundary conditions have been effectively
changed (switch from a laterally unconfined valley setting to a partly confined channel) and a new river style created
(See Section 7.5.1, and Appendix B2.3 for explanation).
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