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Section 1: Middle Fork Intensively Monitored Watershed Design 
Background  

Introduction  

Purpose of the Report 

This report represents a re-working of a draft Study Design for the Upper Middle Fork John 
Day River Intensively Monitored Watershed (IMW) completed in February 2009. The original 
report was compiled by the Upper Middle Fork (John Day) Working Group. Eco Logical 
Research Inc was contracted to further develop the study design to incorporate design 
concepts central to the core objectives of the IMW program, namely to implement restoration 
activities in an experimental fashion to improve our ability to learn how restoration actions 
influence fish populations.  

Intensively Monitored Watershed Ratio nale 

In the Pacific Northwest, stream restoration has been and will continue as a major approach 
to recover salmon and steelhead populations that have exhibited significant declines over the 
past several decades. For example, between 2000 and 2003, the Pacific Coastal Salmon 
Recovery fund alone spent over $170 million for salmon habitat restoration projects (Roni 
2005).  Both the 2000 and 2004 Biological Opinions that outline the recovery strategy for 
steelhead and salmon within the Columbia Basin rely on stream restoration as the primary 
approach to recovery.  However, past restoration efforts have rarely included effectiveness 
monitoring programs to determine if projects have provided a benefit to the target population 
(Roni et al. 2002; Roni et al. 2005; Bernhardt et al. 2005). As such, recommendations for what 
type of projects are effective are largely based on intuition rather than empirical information.    

 
Project evaluations that have been conducted have produced equivocal results of their 
effectiveness because they have not accounted for other factors (Thompson 2006); have 
looked at local effects that may simply reflect preference rather than benefits to the 
population; are conducted at insufficient spatial and temporal scales to observe a population 
benefit; or have not used proper experimental approaches.  Evaluating whole watershed 
responses to restoration in an experimental fashion has been suggested as a means to 
overcome these problems (Roni et al. 2002; Bilby et al. 2005; Roni et al. 2005; Reeve et al. 
2006).  Watershed scale coordinated restoration efforts with the associated effectiveness 
monitoring programs have been initiated in the Pacific Northwest to evaluate population level 
responses to restoration, and are referred to as Intensively Monitored Watershed (IMW) 
studies (Bilby et al. 2004; Bilby et al. 2005;  PNAMP 2005; Nelle et al. 2006).  Coordination at 
the regional scale has been initiated to develop a network of IMWs assessing a variety of 
actions, limiting factors, and watershed types. This coordination should lead to a better 
understanding of fish-habitat relationships and empirically based recommendations on how 
restoration should be prioritized and implemented as a recovery strategy. 
 
The goal of the IMW program is to measure the effect of habitat restoration on salmon and 
trout productivity.  (Bilby et al. 2004; PNAMP 2005).  Financial and logistical constraints make 
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the IMW approach impractical for all restoration actions.  Therefore, the IMW approach must 
be implemented in the framework of experimental management where the goals are to 
benefit the resource while maximizing learning so that the result can be extrapolated to other 
situations (Walters 1986).  Generalization beyond a single system requires knowledge of 
mechanistic interactions or multiple ecosystem studies (Carpenter et. al. 1995).  Directed 
research within an IMW might reveal the mechanisms by which the environment influences 
population performance of salmonids in a cost effective manner.  In addition, the lessons 
learned from this network of IMWs, will enable the region to implement further restoration 
with greater confidence without the rigorous effectiveness monitoring of the IMW approach. 

Middle Fork IMW Development 

The National Oceanic and Atmospheric Administration (NOAA), in coordination with the 
Oregon Watershed Enhancement Board (OWEB), has funded an IMW in the upper Middle 
Fork of the John Day River basin, Oregon.  This IMW is coordinated by the Upper Middle Fork 
John Day Working Group (UMFWG), made up of agencies, conservation groups, and private 
land owners who own, manage, implement restoration, or are designing research, monitoring 
and evaluation (RME) of such actions in the project area. Multiple restoration actions and 
types are planned for the Middle Fork IMW. Thus, a challenge for this IMW will be to 
determine which restoration actions are most effective at restoring stream habitat so that 
similar actions can be implemented throughout the region.  
 
In May of 2007 the UMFWG convened and began to develop a plan for the implementation of 
the Middle Fork IMW.  The group determined that it will take a minimum of 5-10 years for the 
effects of restoration activities on salmonids populations to be to be detected.  Therefore, an 
anticipated study length of at least 10 years was assumed during the design of the initial plan. 
This time period was used in determining both the items to be monitored and the methods to 
be used.  This newly established program for watershed scale effectiveness monitoring builds 
on a variety of collaborative restoration and monitoring projects in the basin including; 
/$&7ȭÓ #ÈÉÎÏÏË ÓÁÌÍÏÎ ÁÎÄ ÓÔÅÅÌÈÅÁÄ ÍÏÎÉÔÏÒÉÎÇȟ 53&3 ÔÅÍÐÅÒÁÔÕÒÅ ÁÎÄ 0)"/ ÍÏÎÉÔÏÒÉÎÇȟ 
NFJDWC water quality monitoring, CTWSRO conservation area programs and monitoring 
performed by TNC.   
 
The first section of this document contains the background information relevant to the Middle 
Fork John Day watershed including a description of the goals of the Middle Fork IMW, study 
area, focal species, limiting factors, and historic and proposed restoration actions. The second 
section of this document presents the Implementation Plan for the IMW including specific 
objectives, hypotheses to be tested, experimental, restoration, and monitorin g designs, and 
data management, analysis, and reporting procedures. 

Goals of the Middle Fork IMW 

The goals of the Middle Fork IMW are to improve adult and juvenile salmonid freshwater 
habitat in the Middle Fork IMW study area using a variety of restoration actions, to assess how 
restoration actions alter stream habitat conditions, and to understand the casual mechanisms 
between stream habitat restoration and changes in salmonids production at the watershed 
scale.   
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 Study Area 
The John Day Basin lies in the Mid-Columbia Plateau Region in Northeastern Oregon (Figure 
1). The basin consists of 5 main watersheds.  These include the Lower John Day, the Upper 
John Day, the South Fork John Day, the North Fork John Day and the Middle Fork John Day. 
The Middle Fork IMW study area includes the Middle Fork John Day River (hereafter the 
Middle Fork), the North Fork John Day River (hereafter the North Fork), and the South Fork 
John Day River (hereafter the South Fork; Figure 1). The following sections describe the 
physical setting, geomorphic and hydrologic conditions, land management and past 
restoration activities in the three Middle Fork, North Fork and South Fork John Day Rivers.  

 
 
Figure 1. Location of the John Day watershed in  Oregon and the general location of the 
Middle Fork IMW (area in circle), including the North Fork, Middle Fork, and South 
Fork John Day Rivers (modified from McCormick et al. 2009).  
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Middle Fork  

Physical Setting  

The Middle Fork is the watershed that will be the focus of the restoration efforts for this IMW. 
The Middle Fork originates in the Blue Mountains of the Malheur National Forest, south of the 
North Fork, flows westerly for 75 miles, and merges with the North Fork about 18 miles above 
the town of Monument. The Middle Fork is a fourth field watershed (USGS cataloging unit 
17070203) that drains 806 mi2 with a perimeter of 158 miles. Watershed elevations range 
from 2200 feet near the mouth to over 8200 feet in the headwater areas.   

Geomorphic and Hydrologic Conditions 

The watershed receives approximately 15-25 inches of precipitation each year. Stream flow is 
typical of the John Day Watershed and is snowmelt dominated with an average stream flow of 
255 cfs as measured by the USGS stream gauge at near Ritter (river kilometer, RKM 24).    

Land Management  

The majority of the upper Middle Fork IMW study area is managed by the U.S. Forest Service 
(USFS), several large parcels are managed by restoration focused organizations such as the 
Confederated Tribes of Warm Springs Reservation of Oregon, The Nature Conservancy, and 
the Confederated Tribes of the Umatilla.   

Past and Proposed Restoration  

 What types and amount of restoration have been completed  
 What date do we consider a restoration activity NOT part of the IMW 

Middle Fork Study Area and Reach Characteristics 

To be summarized from Geomorphic analysis and GIS layers already completed.  
 
The Middle Fork IMW restoration area and focus of monitoring has been defined as the 
mainstem and all of the tributaries entering the Middle Fork from the confluence of Big Creek 
upstream to the confluence of Summit Creek.  

North Fork  

Physical Setting 

Geomorphic and Hydrologic Conditions 

Land management 

Restoration activities 
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South Fork  

Physical Setting 

Geomorphic and Hydrologic Conditions 

Land management 

Restoration activities 

 

Fish Species Presence and Distribution 

The John Day River supports several species of fish including spring and fall Chinook salmon 
Oncorhynchus tshawytscha, summer steelhead O. mykiss, bull trout Salvelinus confluentus, 
Pacific lamprey Lampetra tridentata, and westslope cutthroat trout O. clarkii lewisi. Spring 
Chinook salmon and summer steelhead are the predominate salmonids inhabiting the Middle 
Fork watershed although bull trout are also found in tributaries with limited seasonal use of 
mainstem habitats by fluvial adults. Both steelhead and bull trout are listed as threatened 
species. Spring Chinook salmon are not currently listed. Steelhead are the most widely 
distributed salmonid species occupying most tributaries and mainstem habitats. Chinook 
distribution is slightly more confined to mainstem habitats and larger tributaries compared to 
steelhead although juvenile Chinook often migrate into cool-water tributaries during warm 
summer periods. Bull trout distribution is limited by their temperature tolerance to only the 
upper reaches of tributaries, especially ### and ### creeks??? 

Existing Technical  Assessments and Recovery Plans 
The following section briefly summarizes the findings of key habitat and fisheries assessments 
and planning processes that are relevant to the Middle Fork IMW.    

Habitat Assessments 
We will summarize the current status of the following habitat types to better understand how the 

restoration, monitoring, and experimental designs compliment the current conditions of the 

watershed - this information is likely present in existing planning documents.   

Riparian  

A short summary of the extent of the current riparian condition (age, extent, health, species 

composition, etc)  

Stream Conditions  

A short summary of the current stream condition (sediment/embededness, erosion, LWD & pool 

frequency, etc.) 
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Upland Conditions  

A short summary of the upland forest and range conditions, fire history, land management, and 

development activities (i.e., what are the current threats), etc 

Fisheries Assessments 

The Interior Columbia Basin Technical Recovery Team (ICTRT) is responsible for developing 
biological viability criteria used to classify populations of anadromous salmonids under the 
Endangered Species Act (ESA) and to inform long-term regional recovery planning efforts.  
The ICTRT uses a hierarchical description of population structure (Figure 2). The 
Evolutionarily Significant Unit (ESU) is used to describe groups of populations of Pacific 
salmon with similar characteristics and is the level at which ESA listings are made.  A Distinct 
Population Segment (DPS) is similar to an ESU, except that an ESU can only be applied to 
stocks of Pacific salmon. Because steelhead are considered a trout species based on their life 
history characteristics (semelparous vs. iteroparous), they are listed as DPSs instead of ESUs.  
Discrete populations that share similar genetic, geographic (hydrographic), and habitat 
characteristics within an ESU/DPS, but are demographically independent from other such 
groups over a 100-year time period, are termed Major Population Groups (MPGs; McElhany et 
al. 2000). Viability criteria are analyzed at the population level, expressed in terms of 
abundance, productivity, spatial structure, and diversity.  The structure and diversity criteria 
include major spawning areas (MaSAs) and minor spawning areas (MiSAs).   
 
 

 
Figure 2. Diagram illustrating the hierarchy of ESU, MPG, and population level viability 
criteria.  
  

Steelhead Status 

 
Steelhead in the John Day River subbasin are part of the Mid-Columbia River DPS and were 
listed as a threatened species on March 25, 1999. The DPS includes all naturally spawned 
populations of steelhead in streams from above the Wind River in Washington and the Hood 
River in Oregon to and including the Yakima River in Washington.   
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Steelhead in the John Day River are considered an MPG based primarily on subbasin 
topography and distance from other spawning aggregates (NOAA Fisheries 2003b).  The John 
Day River subbasin contains one of the few remaining summer steelhead MPGs in the interior 
Columbia Basin that have had relatively little influence from introduced hatchery fish.  Within 
this MPG, the ICTRT defined five populations on the basis of genetic, demographics, and 
habitat information including the Lower mainstem, the North Fork, the South Fork, the Upper 
Mainstem, and the Middle Fork.  Of relevance to this IMW is the Middle Fork population which 
is found in the Middle Fork John Day River and select tributaries (Figure 3). 
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Figure 3.  Summer steelhead habitat used distribution in the Middle Fork John Day 
River subbasin.  The Middle Fork Rotary Screw trap is shown for reference.  
 
The Middle Fork John Day River steelhead population does not currently meet the ICTRT 
recommended viability criteria (Table 1). In addition, long term surveys conducted since 1966 
suggest a declining trend in redd densities for this population (Figure 4). Recent redd 
densities have indicated that escapement goals set by ODFW have not been met in 13 of the 
last 15 years (Figure 4).  
 
Only summer steelhead (enters fresh water in a sexually immature condition and requires 
several months in fresh water to mature and spawn) are present in the John Day River 
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subbasin.  They migrate inland toward spawning areas during summer and fall, and 
overwinter in the larger rivers.  They resume migration to natal streams in early spring, and 
then spawn (Meehan and Bjornn 1991, Nickelson et al. 1992). 
 
 
Table 1. Abundance & productivity and spatial structure & diversity integration table. 
HV=Highly Viable; V=Viable; M=Maintained, HR=High Risk (Carmichael 2006) . 
 

  Spatial Structure/Diversity Risk  
      

  Very Low  Low Moderate  High 

Abundance/ 
Productivity 

Risk 

Very Low 
(<1%)  HV HV V M 

Low 
(<5%)  Very Low V V M 

Moderate 
(6-25%)  M 

MFJDR 
M M HR 

High 
(>25%)  HR HR HR HR 

 
 

 
 

Figure 4. Trends in steelhead redd densities observed at annual index spawning ground 
surveys conducted by ODFW in the Middle Fork John  Day River watershed. ODFW 
management goal is shown as a dotted horizontal line. A linear regression line, shown 
as a solid line, has also been fit to the data (P=0.059).  
 
Unlike Pacific salmon, steelhead are capable of spawning more than once before death and 
thus their classification as a trout.  However, it is rare for steelhead to spawn more than twice 
before dying, and most that do spawn more than once are females (Nickelson et al. 1992).  
Steelhead spawn in cool, clear streams with suitable gravel size, depth and current velocity. 
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Steelhead enter streams and arrive at spawning grounds weeks or even months before they 
spawn.  Intermittent streams may also be used for spawning (Barnhart 1986, Everest 1973). 
 
Depending on water temperature, steelhead eggs may incubate for one and a half to four 
months before hatching. Juveniles rear in fresh water from one to four years, and then migrate 
to the ocean as smolts.  Summer rearing takes place primarily in the faster parts of pools, 
although young-of-the-year are abundant in glides and riffles.  Some older juveniles move 
downstream to rear in larger tributaries and mainstem rivers (Nickelson et al. 1992).  The 
most productive steelhead habitat is characterized by channel complexity and instream 
structures, primarily in the form of large and small wood.    
 

O. mykiss can either be anadromous (steelhead) or resident (redband) trout, and research has 
shown that under some circumstances they can yield offspring of the opposite form. Those 
that are anadromous usually spend 2 years (range=1-4 yrs) in fresh water prior to 
smoltification, and then spend up to 3 years in salt water prior to first spawning.  However, 
summer steelhead in the John Day River MPG generally return to spawn after spending one 
year in the ocean (1-Ocean).   Conversely, redband trout populations complete their entire 
life-cycles within freshwater habitats, and can often be found above barriers to steelhead. 
However, steelhead and redband trout are still known to occur sympatricly (occupying the 
same range without loss of identity from interbreeding) in all subbasins that contain 
steelhead. Recent studies (Kostow 2003, Ruzycki unpublished data) indicate that the different 
life history patterns of steelhead and redband are not reproductively isolated; each 
morphology appears to be able to produce offspring of the other type.  Therefore, it is 
assumed that measures for protecting and enhancing steelhead will also benefit redband.   

Spring Chinook  Status 

The spring run of Chinook salmon in the John Day River subbasin is grouped into the Mid-
Columbia River ESU.  This ESU includes all naturally spawned populations of spring-run 
Chinook salmon in Columbia River tributaries from the Klickitat River upstream to and 
including the Yakima River (excluding the Snake River Basin). In the John Day River subbasin, 
adult spring Chinook salmon migrate upstream into and within the subbasin during April, 
May, and June.  Most spring Chinook return as 4-year-olds (75%), with 3-year-old (2.5%) and 
5-year-old (22.5%) returns comprising the remainder (Lindsay et al. 1985). They arrive at 
holding and spawning areas in the Upper John Day River subbasin, Middle Fork John Day 
River subbasin, North Fork John Day River subbasin, and Granite Creek (a tributary to the 
North Fork) by early July (USBR 2003).  Adults are consistently found in deep pools with 
cover such as undercut banks, fallen trees or other debris, boulders, or vegetation (Lindsay et 
al. 1985).  Although average stream temperatures often rise above lethal temperatures in the 
Middle Fork John Day, Chinook are often able to locate and hold in cold-water refugia 
(Torgersen et al. 2001). Except during the most extreme conditions, daytime temperatures of 
the John Day are warm while night time temperatures cool sufficiently to allow the adults to 
move within the system to the next cool water holding area. The adults are found in these 
locations until they spawn in late August through late September (USBR 2003).    
 
Emergence of fry commences in March and April following high water (USBR 2003).  
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Distribution extends downstream after emergence; then as water temperatures increase and 
flows decrease, juveniles move into cooler tributaries and mainstem areas.  By late September 
and early October, a shift back to the mainstem usually takes place concurrent with 
decreasing water temperatures and increasing flows (Lindsay et al. 1985). Juveniles reside in 
rearing areas for approximately 12 months before migrating downstream the following 
spring, with migration peaking past Spray (RM 170) on the mainstem John Day River during 
the second week in April (Lindsay et al. 1985).  
 
Rearing habitats are both on the mainstem reaches and the lower reaches of significant 
tributaries. (USBR 2003).  The majority of rearing is in the lower portions of the cooler water 
tributaries, and not in the mainstem river where spawning occurs.  Recapture data in the 
Columbia River indicate that smolts from the John Day River enter the Columbia from April 
through May and enter the Columbia River estuary in May and June (Lindsay et al. 1985).  
 
Since 1960, Chinook salmon have shown a significant increase in annual redd densities 
observed on index spawning ground surveys in the Middle Fork John Day River (Figure 5). 
However, these densities generally remain well below management goals which were 
achieved only once during the past twenty years. It is unclear as to why the long-term trends 
in steelhead and Chinook redd densities appear to be diverging (see Figure 5). One hypothesis 
is that most restoration activities have focused on Chinook habitat on mainstem reaches.  
 
It has become increasingly apparent that habitat conditions (including water temperatures) 
are limiting productivity of Chinook in the John Day River subbasin.  Surveys of Chinook 
adults conducted during 2007 suggest that nearly 50% of the spawners present during early 
summer died in the Middle Fork due to temperature extremes experienced in early July. This 
evidence indicates that temperature remains a limiting factor for adult Chinook survival.  
Chinook salmon abundance in the John Day River subbasin appears to be limited by 
freshwater productivity. The number of smolts produced by spawners during any brood year 
appears to be limited to approximately 100,000 smolts despite a four-fold change in redd 
densities over the past 25 years (Figure 6). This limitation suggests that Chinook production 
should respond to habitat restoration activities and that this response should be measurable 
by estimating smolt production in the Middle Fork watershed. 
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Figure 5. Trends in Chinook redd densities observed on annual index spawning ground 
surveys conducted by ODFW in the Middle Fork John Day River watershed. ODFW 
management goal is shown as a dotted horizontal lines. A linear regression line, shown 
as a solid line, has also been fit to the data (P<0.001).  
 
 

Redds

0 500 1000 1500 2000

S
m

o
lt
s
 (

1
0

3
)

0

20

40

60

80

100

120

140

160

180

Ricker

1978

2003

1981

1980

1982

1999

1979 2001

2000

2002

1998

2004

Beverton-Holt

2005

 
Figure 6.  The number of spring Chinook smolts produced as a function of redd counts 
in the John Day River basin. Points indicate brood years. Beverton -Holt and Ricker 
stock-recruitment curves are fit to the data.  
 

Bull  Trout  Status 

The U.S. Fish and Wildlife Service issued a final rule listing the Columbia River and Klamath 
River populations of bull trout as a threatened species under the Endangered Species Act on 
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June 10, 1998 (63 FR 31647).  Five populations are listed as distinct population segments 
(DPS) and the U.S. Fish and Wildlife Service identified the John Day Subbasin as one of 22 
recovery units within the Columbia River DPS (USFWS 2003). The John Day Recovery Unit 
identified three core areas: the North Fork John Day River, the Middle Fork John Day River, 
and a portion of the Upper Mainstem John Day River.  The Middle Fork John Day River Core 
Area is at high risk of extinction since the contingent is only found in tributaries, and is 
thought to be extinct in the Middle Fork John Day River itself (Ratliff and Howell 1992).  
 
Bull trout in the Middle Fork John Day River persist at low abundance levels. Distribution 
information for the Middle Fork John Day River indicates that three local populations 
currently exist within this drainage:  Big Creek, Clear Creek and Granite Boulder Creek 
(Buchanan et al. 1997). The Malheur National Forest has identified an additional five areas as 
potential habitat for bull trout local populations (potential local populations) (1998a), 
including Big Boulder Creek, Butte Creek, Davis Creek, Upper Middle Fork John Day River, and 
Vinegar Creek.  
 
Current distribution in the Middle Fork John Day River is based on isolated sightings with the 
primary distribution restricted to tributaries a nd limited to 22% of stream miles previously 
known to support bull trout (Claire and Gray 1993, Buchanan et al. 1997). Data from 1990 and 
1992 Oregon Department of Fish and Wildlife Aquatic Inventory Project surveys indicate that 
bull trout occupy approximately 16 miles of stream in the Middle Fork John Day River 
watershed, including 5.5 miles in Big Creek, 2.5 miles in Deadwood Creek (a tributary to Big 
Creek), 4 miles in Granite Boulder Creek; and 4 miles in Clear Creek.  Presence/absence 
surveys conducted by ODFW in 2001 and 2002 in Davis Creek and Vinegar Creek, 
respectively, detected no bull trout in Davis Creek and only one bull trout in Vinegar Creek.   
 
Bull trout migration from these tributary streams during the summer is highly unlikely due to 
high water temperatures and habitat modifications in the mainstem.  Aquatic inventory 
surveys conducted by the Oregon Department of Fish and Wildlife in 1990 and 1991 detected 
60 bull trout in the Middle Fork John Day River watershed; two fish were measured at 10 
inches and 14 inches, all others were less than eight inches in length (Buchanan et al. 1997). In 
the 1999 and 2000 surveys of Clear Creek, eight redds were observed each year (MNF 2001).  
Annual bull trout redd surveys conducted by ODFW over a two kilometer reach of upper Big 
Creek show a strong decline in redd abundances (P<0.01; Figure 7). 
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Figure 7.  Trend in bull trout redd abundance in upper Big Creek from 2001 to 2007.  
 
Adults usually spawn from August through November in the coldest headwater tributaries of 
a river system, and require water temperatures less than 50° F for spawning, incubation and 
rearing (Weaver and White 1985).  Although migratory bull trout (fluvial) may use much of a 
river basin through their life cycle, rearing and resident fish often live only in smaller 
watersheds or their tributaries (second to fourth order streams) (Ziller 1992). 
 
Juvenile bull trout are closely associated with stream channel substrates, often using 
interstitial (space between substrate) spaces for cover (Fraley and Shepard 1989).  A close 
association with channel substrates appears more important for bull trout than for other 
species.  This specific rearing habitat requirement suggests that highly variable streamflows, 
bed movements, and channel instability will influence the survival of young bull trout, 
especially since embryos and alevins incubate in substrate during winter and spring (Rieman 
and McIntyre 1993).  

 

Limiting Factors  

Steelhead Limiting Factors  

The John Day Subbasin Revised Draft Plan (March 2005) identified limiting factors for 
ÓÕÍÍÅÒ ÓÔÅÅÌÈÅÁÄ ÕÓÉÎÇ ÁÎ %ÃÏÓÙÓÔÅÍ $ÉÁÇÎÏÓÉÓ ÁÎÄ 4ÒÅÁÔÍÅÎÔ ÍÏÄÅÌ ɉ%$4ɊȢ  Ȱ,ÉÍÉÔÉÎÇ 
&ÁÃÔÏÒÓȱ ÁÒÅ ÃÏÎÄÉÔÉÏÎÓ ÔÈÁÔ ÉÎÈÉÂÉÔ ÐÏÐÕÌÁÔÉÏÎÓȟ ÅÃÏÌÏÇÉÃÁÌ ÐÒÏÃÅÓÓÅÓ ÁÎÄ ÆÕÎÃÔÉÏÎÓ ÒÅÌÁÔÉÖÅ ÔÏ 
their restoration and protection potential (John Day SubBasin Plan, 2005).   The Subbasin Plan 
identified sediment load, key habitat quantity, and temperature as needing restoration and 
protection for summer steelhead (John Day SubBasin Plan, 2005; Table 2).  The Oregon 
Department of Environmental Quality (DEQ) has also identified water temperature as being 
the most serious water quality problem in the Middle Fork John Day (ODEQ 2008).   
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In addition to the SubBasin planning process, the recovery planning team identified both 
limiting factors and threats for Middle Fork John Day steelhead.  The primary limiting factors 
identified in the Draft Recovery Plan include water temperature, degraded floodplain, channel 
structure, altered sediment routing, and altered hydrology (Table 3).   The primary threats, 
which are identified as human actions that may influence one or multiple life stages and may 
occur in the present or future or have occurred in the past, were identified as hatchery 
management; current land use practices (riparian disturbance, stream channelization and 
relocation, grazing, timber harvest, road building, passage barriers, irrigation withdrawals, 
mining and dredging); and the Columbia River mainstem hydropower system (Carmichael, 
2006).   
 
Table 1. Top quartile protection and restoration geographic areas with important 
restoration attributes as determined by EDT (black), with additional attributes listed 
by the subbasin planners (gray) for Middle Fork John Day summer steelhead (modified 
from  John Day Subbasin Revised Draft Plan, 2005)  
 
 

Geographic area P
ro

te
c

ti
o

n
 b

e
n

e
fi

t

R
e

s
to

ra
ti

o
n

 b
e

n
e

fi
t

F
lo

w

H
a

b
it

a
t 

d
iv

e
rs

it
y

S
e

d
im

e
n

t 
lo

a
d

T
e

m
p

e
ra

tu
re

K
e

y
 h

a
b

it
a

t 
q

u
a

n
ti

ty

Big Creek X X

Camp Creek X X

Upper MF JDR X

MF John Day Summer Steelhead

Attribute for restorationGeographic area priority

 



 

 15 

 
Table 2. Habitat limiting factors summary for the Middle Fork John Day River steelhead 
population (modified from Carmichael, 2006).  
 

Population  
MaSA 

and MiSA 

Major Lim iting Factors  Sites 
Affected*  

VSP Characteristics 
Impacted  

Threats  Life Stages 
Affected  

MIDDLE FORK JOHN DAY POPULATION 
Middle Fork 
John Day 
Population  

degraded floodplain and 
channel structure 
(connectivity, diversity, 
complexity); altered 
hydrology; altered 
sediment routing; water 
quality (temp); impaired 
fish passage 

MaSAs and 
MiSAs 

Productivity, abundance, 
spatial structure and 
diversity  

Stream channelization 
and relocation, grazing, 
forest practices, road 
building, culverts and 
other passage barriers, 
irrigation withdrawals, 
mining and dredging 

All life stages, 
especially 
fry -to-smolt 
survival, egg 
incubation; 
egg-to-parr 
survival, 
spawning 

Upper MF 
John Day 
MaSA 

Altered sediment routing; 
degraded floodplain and 
channel structure; altered 
hydrology; water quality 
(temp) 

MF mainstem 
[T (RM 0-
69.8), F,CS, S, 
H,R]  

Productivity, abundance, 
spatial structure and 
diversity  

Stream channelization 
and relocation, grazing, 
forest practices, road 
building, culverts and 
other passage barriers, 
irrigation withdra wals 

All life stages, 
especially 
fry -to-smolt 
survival, egg 
incubation; 
egg-to-parr 
survival 

Camp Creek 
MiSA 

Degraded floodplain and 
channel structure; altered 
hydrology; water quality 
(temp); altered sediment 
routing 

Lower Camp 
Cr. [T (RM 0 
to 15.6), F,CS, 
S,T,R] 

Productivity, abundance, 
spatial structure and 
diversity  

Stream channelization 
and relocation, grazing, 
forest practices, road 
building, culverts and 
other passage barriers, 
irrigation withdrawals  

All life stages, 
especially 
fry -to-smolt 
survival, egg 
incubation; 
egg-to-parr 
survival 

Big Creek 
MiSa 

Altered sediment routing;  
degraded floodplain and 
channel structure; altered 
hydrology; water quality 
(temp) 

[T (RM 0-
11.6), 
F,CS,S,T,R] 

Productivity, abundance, 
spatial structure and 
diversity  

Stream channelization 
and relocation, grazing, 
forest practices, road 
building, culverts and 
other passage barriers, 
irrigation withdrawals  

All life stages, 
especially 
fry -to-smolt 
survival, egg 
incubation; 
egg-to-parr 
survival, 
spawning 

 

Spring Chinook  Limitin g Factors 

The Subbasin Plan identified habitat diversity, sediment load, and key habitat quantity as the 
highest attributes needing restoration and protection and temperature and flow and 
attributes of secondary importance for spring Chinook in the Upper Middle Fork (Table 4).  
Key habitat quantity refers to the key habitat type required of each life stage for each species 
(John Day Subbasin Revised Draft Plan, 2005).  One specific key habitat area that has been 
identified as lacking is habitat complexity, such as those areas containing large woody debris 
(LWD).  
 
Table 4. Top quartile protection and restoration geographic areas with important restoration 
attributes as determined by EDT (black), with additional attributes listed by the subbasin 
planners (gra y) for Middle Fork  John Day spring Chinook (modified from John Day Subbasin 
Revised Draft Plan, 2005).  
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The Middle Fork Working Group has identified temperature as the most important attribute 
needing restoration and protection. TIR (thermal infrared) flights indicate that temperature is 
potentially a leading cause for limiting parr production in mainstem habitats during summer 
months. Surveys conducted during 2006 on the Middle Fork indicated a two-order magnitude 
difference in parr density between the warm mainstem (19.5°C) and cooler tributary (15°C) 
habitats (CITATION).  Surface water temperatures during 2003 FLIR flights on the mainstem 
Middle Fork exceeded 20 °C throughout many of the stream reaches that were occupied by 
salmonids during other periods of the year (Figure 8). In assessing the TIR data (Figure 8), it 
appears that a modest 1-2°C decrease in summer temperatures to near 20°C could expand 
summer rearing habitat in the mainstem Middle Fork by more than two-fold thereby 
providing the potential for a significant increase in smolt production. Spawning surveys for 
Chinook salmon in August and September 2007 discovered high pre-spawning mortality in 
the Middle Fork subbasin due to warm temperature in July (Ruzycki et al. 2007).  This 
discovery supports the hypothesis that summer water temperatures in the Middle Fork 
mainstem produce a bottleneck and therefore limits smolt production especially after years of 
high escapement. 
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Figure 8. Longitudinal profiles of surface water temperatures from TI R surveys 
conducted during August 2003 by Watershed Sciences LLC. The horizontal line 
indicates the warmest temperature (adjusted to surface temp.) where we have 
observed Chinook parr during summer surveys of the past three years. Temperature 
and location of important tributary confluences is also shown.  
 

Development of the Middle Fork IMW Framework 
 
The limiting factors identified through the Recovery Planning, Subbasin Planning, and BOR 
assessment processes, as well as those identified by the Working Group, form the basis for the 
type of restoration planned by Working Group partners. Restoration actions have been 
divided into SIX separate categories: 1) channel reconfiguration and floodplain reconnection; 
2) fish passage, 3) flow increase, 4) grazing/upland management, 5) instream habitat 
enhancement, and 6) riparian fencing and planting. 
 
Each of these restoration types has a specific time scale that needs to be explicitly recognized. 
For example, riparian fencing, planting, and upland management (e.g., fencing riparian areas) 
will likely take much more time to detect an influence on the stream channel and instream 
habitat complexity because vegetation, especially trees, will take a decade or more to grown 
large enough to provide shade and LWD recruitment, whereas instream structures will likely 
have a more immediate influence (e.g., 1-3 years). These time scale issues need to be reflected 
in the experimental and monitoring design on the IMW. 
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Middle Fork IMW Scope 
The challenge facing the Middle Fork IMW is that multiple restoration treatments have and will be 

implemented throughout the Upper Middle Fork John Day River. This is not an ideal situation for 

detection a population level response and attributing the response to a specific action or mechanistic 

function. To complicate things further, some restoration activities have been implemented without 

pre-treatment monitoring and control sites are not always available for some restoration actions. 

However, many watersheds have had multiple restoration actions implemented with limited pre-

treatment data collected, and hence the Middle Fork IMW is a good test case for whether these 

types of multi-project restoration efforts are able to detect a population changes and elucidate the 

cause and effect relationships present. Given this complexity, we are proposing multiple 
experimental designs to help achieve the IMW goals and objectives. Each experimental design 

will have its own scope, scale of inference, set of hypotheses to test, and specific monitoring 

requirements.  

Scope of Inference and Testable Hypotheses 
We used a series of questions to help refine broad management goals into specific hypotheses which 

will dictate the experimental and monitoring designs (Marmorek  et al. 2006). For each 

experimental design we identified a set of design elements (Table 5).  

   

Table 5. Summary and description of experimental design elements used to develop specific 

experimental designs for the Middle Fork IMW.  

 

  

Focal species  What species is the focus of the experiment 

Life history group What life stage is the focus of the experiment 

  

Spatial Scope  What is the spatial scale of the experiment (watershed, reach, 

habitat unit, etc.) 

 

Restoration type What is the type of restoration being studied 

Final restoration 

condition 

What is the proposed desired condition the restoration is intended to 

create (e.g., historic riparian conditions, 50% increase in fish cover, 

etc.) 

 

Hypotheses tests 

 

What are the hypotheses that are to be tested with the experimental 

design (e.g., Ho: 50% increase in fish cover will not increase smolt 

production; Ha: 50% in fish cover will increase smolt production). 

 

Response variables 

(dependent variable) 

 

What are the response variables that are going to be used to 

determine is the restoration had the intended affect (e.g., smolts per 

spawner) 

 

Effect size What is the magnitude of effect you wish to detect (i.e., what is the 
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minimum % increase in smolt survival that you hope to detect) 

  

Factors to attribute 

population response 

(independent variables) 

What are the hypothesized causal mechanisms of the response (e.g., 

does an increase in fish cover lead to reduced predation and water 

temperature, which increases the number of Chinook smolts that are 

produced per spawner). 

 

Statistical design 

 

What is the type of statistical design used to test the hypotheses. 

Type I and II errors  What are the levels of Type I and Type II statistical error that will 

be used for statistical tests (Type I error = detecting an effect when 

there was no real effect; Type II error = failure to detect an effect 

that was real). 

  

 

Section 2: Middle Fork John Day River Implementation Plan 
    

Experimental Design  

Design Selection Process  
We used a review of experimental design literature, experience from ongoing IMW projects, 
and discussions with the UMFWG to develop experimental design suited to the Middle Fork 
IMW. One of the simplest and most common type of experimental design is to evaluate the 
effect of a restoration activity at a single site before and after (BA) the restoration is 
implemented (Green 1979, Downes et al. 2002). This design can be improved by replicating 
the number of sites that are treated within a specific watershed (replication at the reach 
scale) and by using multiple sites across multiple watersheds (replication within reaches and 
watersheds). Although adding replicates of the restoration increases the ability to determine 
its effect, the results from BA experimental designs are susceptible to misinterpretation 
because there is no way to know if the results are due to the restoration or some other factor 
that happened to coincide with implementation of restoration (CITATION).  
 
A more powerful experimental design involves the use of control areas (CITATION). In the 
simplest case, two sites can be chosen, where one site has a restoration activity implemented 
(treatment) and the other site is untreated (control). These two sites are followed through 
time and changes in the response variable (e.g., fish abundance; see below for more discussion 
of response variables) are monitored. Again replication of treatment and control sites can 
increase the ability to infer whether the results are due to the treatment or are due to some 
other factor.  In most cases, the use of control(s) greatly increases the power of detecting 
restoration effect; however, poorly chosen controls sites can actually decrease the power of 
the experiment to detect an effect (Korman and Higgins 1997, Roni et al. 2002). Suitable 
control sites in the context of the Middle Fork IMW need to have similar stream morphology, 



 

 20 

limited restoration or management actions planned, and Chinook and/or summer steelhead 
population trends that are correlated with populations in the treatment stream(s).  
 
A common treatment and control designs that is used to detect changes from a treatment is  
commonly referred to as a before-after-treatment-control or BACI design (CITATION). This 
design monitors proposed treatment and control sites prior to the implementation of 
restoration. Ideally, the pre-treatment monitoring  should occur for a minimum of a complete 
life cycle of the species of interest (e.g., for Chinook salmon in the John Day River this would 
be 4-5 years). However, one possible weakness of BACI design is that treatments (i.e., 
restoration) are often implemented in a single year and hence, the potential effects of the 
treatment may be influenced by the particular year effects (e.g., stream condition or size of 
adult escapement for that particular year). One approach that has been suggested to deal with 
possible year effects is the ȰÓÔÁÉÒÃÁÓÅȱ ÄÅÓÉÇÎ whereby treatments are staggered over multiple 
years (Walters et al. 1988, Loughin 2006, Loughin et al. 2007). There are several advantages 
to using a staircase design. First, the staggering of the treatments over time allows for the 
distinction between the random effects of year and year x treatment interactions. This 
prevents random initial environmental or biological conditions from having an overriding 
effect on the ability of the experiment to detect true treatment effects. Second, by staggering 
treatments within the treatment area, treatment sections can be used as controls until they 
are treated, guarding against loss of other control areas and eventually allowing treatment of 
the whole watershed resulting in greater watershed scale restoration effects and benefits. 
Third, from a logistical standpoint, manipulation of a subset of treatment reaches is more 
feasible than manipulation all treatment reaches within a year.  
 
Where possible we will use BACi type designs in the Middle Fork IMW; however, there are 
many other experimental design approaches that could be used, including time-series designs 
such as Intervention Analyses (IA) (Box and Tiao 1974, Stewart-Oaten et al. 1986, Carpenter 
et al. 1989, Steward-Oaten and Bence 2001). The following section proposes possible 
experimental designs based on the available information on restoration activities and 
locations and the suitability of the controls sites. If more information is provided that changes 
our current assumptions more appropriate experimental designs will be selected.  

Response Variables 

We propose to use a variety of response variables to evaluate whether fish are responding to 
changes in habitat as expected (Table 6). The type of response variable used will be 
determined by the proposed experimental design and the type of monitoring currently being 
conducted. Some response variables may be of insufficient precision to be useful in modeling 
fish response to restoration and further power analysis will be required to determine which 
variables will provide the most robust assessment of treatment effects.  
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Table 6. Potential response variables to be used to detect the effects of stream restoration on 

Chinook and steelhead populations in the Middle Fork IMW study area. 

 

 
 

Watershed Comparisons 

At the largest scale of comparisons, we plan to evaluate the response of Chinook and steelhead 
populations to all restoration activities implemented in the Middle Fork IMW study area to 
two potential control watersheds (Figure 9). A BACI-like design will be employed to maximize 
spatial and temporal contrast and to help filter noise caused by factors such as out-of-basin 
effects (e.g., Columbia River hydrosystem, ocean conditions, harvest, etc.) and climatic 
variation when possible. The experimental design will be different for each species because of 
the distribution of each species within watersheds, types of monitoring currently in place, and 
logistical constraints.  
  
 
Figure 9. Watershed level experimental design schematic for the Middle Fork IMW. Arrows 

indicate approximate locating of smolt traps and circle indicates approximate location of 

seining site used for juvenile emigration monitoring (figure modified from Wilson et al. 2009). 
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Steelhead Watershed Design  

ODFW has been conducting steelhead spawning surveys and has been operating rotary screw 
traps in the Middle and South Fork John Day watersheds since 2004 (Figure 9).  This provides 
an opportunity to use these data for both before (B) and control (C) comparisons in a BACI 
design.  This ongoing monitoring will allow for comparisons of spawner abundance, total 
juvenile production, and smolts per spawner , perhaps the most relevant standardized 
population metrics to evaluate changes in freshwater production as a response to stream 
restoration. The specific design elements for the steelhead watershed scale design are 
summarized in Table 7.  
 
Table 7. Summary of experimental design elements used to develop a watershed level design 

for steelhead in the Middle  Fork IMW.  

 

Design Element Type Description 

Focal species  Steelhead 

Life history group Smolts 

Spatial Scope  Watershed 

Restoration type All restoration categories 
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Final restoration 
condition 

*This has not been described yet. 

Hypotheses tests Ho: There is no difference in the 
smolts/spawner between 
watersheds; Ha: there is an increase 
in smolts/spawner after restoration  

Response variables  
Primary (Secondary) 

Smolts/Redd or Spawner (###) 

Effect size 25% increase in smolts/spawner 

Factors to attribute 
population response 

Not definable for this design  

Statistical design BACI 

Statistical Model ANOVA 

Type I and II errors ɻ Ѐ πȢρȟ ɼ Ѐ πȢ9 

 
The South Fork John Day River is a suitable control for the Middle Fork IMW because it has 
substantial public lands where the steelhead production occurs, it is similar in size to the 
Middle Fork, has limited restoration activities planned (NEED TO CONFIRM THIS), and the 
yearly estimates of steelhead escapement are strongly correlated to the Middle Fork John Day 
River steelhead escapements (r = ####).  
 
In addition, juvenile tagging and assessment programs have been conducted within the 
mainstem and some tributaries of both the Middle Fork and South Fork John Day Rivers since 
200???  These assessments provide information on density, movement, survival, growth, and 
foraging patterns of juvenile steelhead and can be used to explain changes in overall 
production due to restoration activities.  

Chinook Watershed Design  

We can currently only determine smolts/spawner for Chinook populations in the Middle Fork 
John Day River. The South Fork John Day River has a smolt trap but Chinook spawning in the 
South Fork is rare (< 1 redd per year since 1998; McCormick et al. 2009). The North Fork John 
Day River has comparable Chinook spawning densities as the Middle Fork and redd counts are 
strongly correlated (r = 0.74; McCormick et al. 2009). However, there is no smolt trap 
currently operated on the North Fork.  This precludes the use of a BACI design to compare 
freshwater productivity in the Middle Fork to a control watershed. We therefore propose to 
compare returning adults/spawner (R/S) between the Middle Fork and North Fork John Day 
Rivers to determine the overall effect of restoration in the Middle Fork on Chinook.  
 
ODFW is proposing to install a smolt trap in the North Fork John Day River upstream of? 
Desolation Creek in 2011. If this trap is installed, comparison could be made between the 
freshwater production (e.g., smolts/spawner) in the Middle Fork (treatment)  and North Fork 
John Day Rivers. However, this analysis will not have a before treatment component (i.e., can 
only compare freshwater production in two watersheds post restoration.   
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ODFW has conducted redd surveys for Chinook in the Middle Fork and North Fork John Day 
Rivers since 1959 (McCormick et al. 2009). Redd survey data can be used to produce R/ S 
estimates. These estimates will be used in a time series design to assess restoration affects. 
The specific design elements for the Chinook watershed scale design are summarized in Table 
8.  
  
Table 8. Summary of experimental design elements used to develop a watershed level 

experimental design for Chinook in the Middle Fork IMW.  

 

Design Element Type Description 

Focal species  Chinook 

Life history group Adults 

Spatial Scope  Watershed 

Restoration type All restoration categories 

Final restoration 
condition 

*This has not been described yet. 

Hypotheses tests Ho: There is no difference in the 
spawner/spawner between 
watersheds; Ha: there is an increase 
in spawner/spawner after 
restoration  

Response variables  
Primary (Secondary) 

Recruiting Adults/Spawner (Redd 
density) 

Effect size 25% increase in R/S 

Factors to attribute 
population response 

Not definable for this design  

Statistical design Intervention Analysis?? 

Statistical Model Regression??? 

Type I and II errors ɻ Ѐ πȢρȟ ɼ Ѐ πȢ9 

Mainstem Treatment and  Control Comparison 

The watershed design will only allow us to determine if the overall production of Chinook and 
steelhead has changed the Middle Fork John Day River. Therefore, to assess the specific 
mechanisms that cause changes in fish populations and stream habitat we will use reach level 
experimental designs on the mainstem Middle Fork and comparisons of treatment and control 
tributaries  (see below). Comparisons in the mainstem will  be made between the major 
restoration actions at replicate treatment and control sections within the Middle Fork John 
Day River (Figure 10, Table 9). These comparisons have a higher replication than the 
watershed level designs and hence a greater ability to infer cause and effect (CITATION). Each 
section is approximately 10 km with three treatment and three control sections in alternating 
order starting at Huckleberry Creek. The total stream length of all treatment sections is 29.3 
km, as is the total length of all control section. The entire length of each treatment and control 
section will not necessarily be restored or monitored. The sections define whether restoration 
will or will not take place. Within each of these sections, smaller reaches will be restored and 
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appropriate monitor ing preformed. These reaches are defined by channel confinement and 
tributary junctions locations. There are more confined reaches in the control sections and 
more moderately confined reaches in the treatment sections (Table 9). The design could 
potentially take into account channel confinement as a strata, but that will require further 
planning to ensure restoration activities and monitoring are stratified by channel type.    
 
This design will focus on channel reconfiguration and instream structure  restoration types 
as these projects are expected to have the most impact on fish habitat in the next 1-5 years. 
Other restoration activities, such as fish passage, flow increase, grazing/upland management, 
and riparian fencing/planting are expected to have less immediate effects on fish habitat (e.g., 
> 5-10 years), are relatively small projects compared to magnitude of channel reconfiguration 
and instream structure restoration, and/or will be assessed using a temperature modeling 
approach (see below).  
 
There are different levels of restoration in each treatment reach (Table 9). We propose that 
addition restoration projects be designed to balance as much as possible the level of 
restoration in each treatment section analogous to a staircase design (i.e., restoration occurs 
over several years to minimize year affects). This will allow for better replication of the 
restoration efforts and provide a more robust design. For example, the total length of channel 
reconfiguration, rip-rap removal, and large woody debris structures should be similar in all 
treatments by year X.  
 
The fish responses that will be used to compare treatment and control sections will need to be 
more localized and will focus on juvenile abundance, growth rates, and survival . Chinook 
will be used as the primary response species as Chinook adult spawning and juvenile 
abundance is greater in the mainstem than tributaries in general (James et al. 2010). Other 
responses that will be assessed include redd density and migration timing. To assess the 
independence between treatment and control sections we also propose to determine fish 
movement between sections using tagging and mark-recapture methods. The specific design 
elements for the Chinook mainstem reach scale design are summarized in Table 10.  
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Figure  10. Location of t reatment and control sections for  assessing the effect of 
restoration activities on the mainstem of the Middle Fork John Day River.  Note the most 
upstream control reach is longer than depicted and ends at Summit Creek.    
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Table 9. Summary of the timing, location, and amount of restoration activities in the 
mainstem of the Middle Fork John Day River by reach and treatment/control section.  
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Table 10. Summary of experimental design elements used to develop a mainstem treatment 

and control level experimental design for Chinook and steelhead in the Middle Fork IMW.  

 

Design Element Type Description 

Focal species  Chinook and steelhead  

Life history group Adults and juveniles 

Spatial Scope  Reach scale within mainstem 

Restoration type Channel reconfiguration and large 
woody debris additions (including 
artificially created pools) 

Final restoration 
condition 

We need to know total length of 
reconfiguration and total number 
of ELJ and pools 

Hypotheses tests Ho: There is no difference in the 
juvenile survival between treatment 
and control reaches; Ha: juvenile 
survival is higher in treatment 
reaches  

Response variables  
Primary (Secondary) 

Juvenile abundance and survival 
(Redd density) 

Effect size 25% increase in juvenile abundance 
or survival 

Factors to attribute 
population response 

Increased habitat availability 
(refuge), greater floodplain 
connectivity (hyporheic flow), 
increased cover (reduced predation)  

Statistical design BACI? Need more information on 
when and where monitoring  and 
restoration occurred  

Statistical Model ANOVA (regression with variety of 
independent variables) 

Type I and II errors ɻ Ѐ πȢρȟ ɼ Ѐ πȢψ 

 

Tributary Treatment and Control Comparisons  

Within the Middle Fork IMW study area there are a significant number of restoration activities 
that are occurring in the tributaries (Figure 11, Table 11). In order to separate the effects of 
the tributary restorations from the mainstem restorations, a separate tributary design is 
required. As with the mainstem Middle Fork, there are a variety of different restoration 
categories being implemented. We have chosen to focus the tributary experimental design on 
two restoration categories to simplify the experimental design and future analysis: fish 
passage and flow increases. As with the mainstem, numerous other restoration categories 
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have been implemented in the tributaries. We are assuming these restoration categories 
(channel reconfiguration, grazing/upland management, instream structures, and riparian 
fencing/planting) will have effects that are realized after 5-10 years, or are in low enough 
density to not cause a detectable increase in fish popuÌÁÔÉÏÎÓȢ 4ÈÅÓÅ ȰÎÏÎ-ÆÏÃÁÌȱ ÒÅÓÔÏÒÁÔÉÏÎ 
categories will also be assessed with a temperature modeling approach if enough data is 
available (see below).  
 
Figure  11. Location of the primary tributaries to be used for  assessing the response of 
Chinook and steelhead to restoration activities in tributaries to the Middle Fork John 
Day River.  
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Table 11. Summary of the timing, location, and amount of restoration activities in 
named tributaries of the Middle Fork John Day River.  
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The tributary experimental design will assess the effects of restoration activities on both 
Chinook and steelhead populations and primarily focus on distribution and abundance 
response variables. This design will be implemented primarily in the Big Creek, Bridge Creek, 
Camp Creek, Granite Boulder Creek, and Vinegar Creek watersheds because they have the 
most fish passage and flow increase restoration occurring, they are used by both Chinook and 
steelhead, and there is existing fish and habitat monitoring (Figure 11, Table 12). 
 

We still need more information here to complete this design: where are the culverts that were 

replaced, what types of barriers were they (partial or complete), was there fish presence /absence 

data collected pre-treatment, etc  
 

 

Table 12. Summary of experimental design elements used to develop a tributary level 

experimental design for Chinook and steelhead in the Middle Fork IMW.  

 

Design Element Type Description 

Focal species  Chinook, steelhead 

Life history group Adults and juveniles 

Spatial Scope  Tributar y  

Restoration type Fish passage, Flow increase 

Final restoration 
condition 

*This has not been described yet ɀ 
need to know how many km will be 
opened up in what streams 

Hypotheses tests Ho: fish distribution is not limited by 
culvert xings X,Y, Z; Ha: fish 
distribution increases after xing X,Y,Z 
are upgraded  

Response variables  
Primary (Secondary) 

Fish distribution (relative density 
upstream and downstream of 
barrier)  

Effect size NA 

Factors to attribute 
population response 

Juvenile or adult migration barriers 
(physical block, reduced flows, or 
temperature related impediment to 
habitat use) 

Statistical design NA 

Statistical Model NA 

Type I and II errors NA 

Temperature Modeling  

The Middle Fork IMW is complicated by the variety of restoration projects being implemented 
and the scope of the projects. One promising alternative approach to assessing the effects of 
all each restoration category and location is to use a temperature modeling approach. The 
Oregon Department of Environmental Quality (ODEQ) has been conducting monitoring in the 
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John Day basin since 2002 in support of Clean Water Act Total Maximum Daily Load (of 
pollutants) establishment.  Total maximum daily loads (TMDL) are target water quality 
standards.  Standards typically contain threshold values for water quality conditions such as 
pollutant concentration, pH, dissolved oxygen, or temperature.  The temperature standard 
numeric criteria in the John Day is based on salmonid life cycles as the most sensitive 
beneficial use of basin waters. TMDL monitoring in the MF John Day subbasin has been 
designed to address temperature concerns of the Clean Water Act 303(d) Listing. 
 
One of the main objectives of the TMDL in the John Day is to quantify the conditions leading to 
high temperature.  For temperature, the TMDL process assesses the existing and estimated 

natural potential heat loads.  Further, these heat loads are translated into more intuitive 
measurable targets such as percent effective shade and channel width.  Because temperature 
is the major limiting factor for salmonids found in the Middle Fork subbasin, the TMDL 
process can be highly informative to synthesize how many of the habitat processes that will be 

manipulated will affect the overall temperature profile of the Middle Fork John Day.   
 
In order to implement this process, a calibrated model has been developed by BOR and ISEMP 
with  the following data from ongoing Middle Fork IMW monitoring programs and analysis of 
available geospatial data including: 

 flow volume and velocity, wetted channel width and depth, and effective shade (daily 
solar radiant energy blocked by vegetation and topography)  

 temperature, temporally and spatially, based on all relevant heat transfer processes 
including evaporation, bed conduction, convection, mass transfer, short wave (direct 
and diffuse) and long wave radiation 

The existing model can be used to assess different levels of restoration within the watershed. 
We propose to sum up all the completed and proposed restoration activities as of 2007 and 
model the potential change to overall temperature profile of the stream. Changes resulting 
from restoration will provide insights into the mechanisms by which restoration actions will 

impact this common limiting factor throughout the Columbia River basin, a goal of the IMW 
process.  Other studies in the John Day pilot project will develop relationships between stream 

reach temperature and salmon and steelhead productivity. The TMDL can then be used to 
evaluate how alternative habitat restoration efforts may affect stream temperatures and 
ultimately fish productivity.  
 
Monitoring and assessment of vegetation, hydrology, morphology and meteorological 
conditions will provide input for temperature modeling (one-dimensional thalwag 
characterization).  The temperature model will be calibrated spatially to airborne thermal 
infrared data and temporally to instream temperature data loggers (both part of the 

temperature monitoring component of this project).  Based on historical information 
including aerial photography, literature, local knowledge, and current undisturbed conditions, 
system potential channel shape and vegetation will be assessed.  These estimated conditions 
will provide the basis for simulation of a more natural shading and temperature regime.  In 
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addition, we will manipulate those model variables that are expected to be altered by the 
stream restoration actions.   
 
Specific analytical methods can be found in Analytical Methods for Dynamic Open Channel Heat 
and Mass Transfer (Boyd and Kasper 2003, www.heatsource.info), and are summarized in 
4-$,Ó ɉÅȢÇȢȟ +ÌÁÍÁÔÈȟ 5ÍÁÔÉÌÌÁɊ ÔÈÁÔ ÃÁÎ ÂÅ ÆÏÕÎÄ ÏÎ $%1ȭÓ ×ÅÂÓÉÔÅȡ 
http://www.deq.state.or.us/wq/TMDLs/TMDLs.htm .   

 
The ISEMP John Day Pilot project is developing a model to map potential fish growth across 
stream reaches of the John Day by combining models that estimate heat budgets using 

physical inputs and bioenergetics models that use these heat budgets and invertebrate 
abundance information to estimate fish growth.  

 
Figure 12. Map of FLIR flights along the Middle Fork John Day River to assess stream 
temperature .   
 

www.heatsource.info
http://www.deq.state.or.us/wq/TMDLs/TMDLs.htm
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Figure13. Map of temperature probe monitoring locations in the Middle Fork John Day 
River.   

Fine Scale Temperature Changes 

To assess the fine-scale changes in water temperature associated with specific restoration 
techniques a Fiber Optic Distributed Temperature Sensor (DTS) will be deployed before and 
after project implementation, and at determined intervals in the future to monitor the 
effectiveness of specific restoration techniques in regard to water temperatures.  This fine 
ÓÃÁÌÅ ÔÅÍÐÅÒÁÔÕÒÅ ÁÎÁÌÙÓÉÓ ×ÉÌÌ ÁÌÓÏ ÁÌÌÏ× ÆÏÒ ÔÈÅ ÃÁÌÉÂÒÁÔÉÏÎ ÏÆ ÔÈÅ (ÅÁÔ 3ÏÕÒÃÅΆ ÍÏÄÅÌ χȢπ 
and provide a better understanding of the thermal characteristics of the river.   
 
This technique reports the temperature of a fiber optic cable each meter at a precision of 0.01 
degree C.  Dr. John Selker has pioneered this method in stream applications (Selker et al., 
2006a, b), and will be involved as the lead investigator in the study.  Each stream reach to be 
restored will be instrumented with two DTS cables, one parallel to each bank, to capture the 
local micro-habitats found on the inside and outside portions of serpentine stream channels.  
Each section will be monitored for two weeks prior to restoration efforts, then two weeks 
each for the two years following restoration.  All monitoring will take place in the July 15- Sept 
15 period during which peak temperatures are usually observed.  Long-term observation 
points separated by 200m will be maintained over the entire duration of the grant using Onset 
Corp. Hobo data loggers, recording hourly temperatures.   
 
In order to track climatic conditions and to provide additional data for the Heat Source model, 
two solar powered, wireless transmitting weather stations will be placed in the watershed.  
One will be placed on property owned by The Nature Conservancy near the mouth of Horse 
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Creek, and another placed on property owned by CTWSRO near the mouth of Vinegar Creek.  
The weather stations will have Viasala WXT520 weather sensors which measure wind speed 
and direction, precipitation, barometric pressure, temperature, and relative humidity.  Each 
station will also have a precipitation gage and precipitation collector, that will measure both 
rain and snow fall.  In addition one of the weather stations will be equipped with a Kipp & 
Zonen Net radiometer that will measure the energy balance between incoming short-wave 
and long-wave infrared radiation versus surface-reflected short-wave and outgoing long-wave 
infrared radiation. 
 
In 2008 the Confederated Tribes of the Warm Springs Reservation of Oregon will implement 
phase one of a long-term restoration project on their Forrest and Oxbow Conservation 
properties in the Middle Fork John Day River.  This phase will target removal of rock barbs 
and associated bank armoring on the Forrest Property, between Placer and Davis Creeks, and 
on the Oxbow Property between Beaver and Ragged Creeks.  The project will replace some of 
the rock structures with engineered log jam (ELJ) structures.  The entire project reach will be 
monitored for fine scale changes in temperature caused by the restoration actions.  
Monitoring using the DTS technology will allow managers to evaluate the effectiveness of 
these restoration actions on water temperatures at the fine scale.   
 

Restoration Design 

Background  
The (UMFWG) partners have plans for a significant number of restoration projects of varying 
size and scope to be implemented over the next 10 years.  Between 2007 and 2011 fifteen 
projects are planned on the mainstem and twenty-two are scheduled for the tributaries 
(Appendix A).  Restoration actions planned and implemented by IMW partners cover 
approximately 5% of the project area (Figure 14). In addition barrier removal projects will 
impact approximately 10% of the watershed.  These projects have been planned by the IMW 
partners based on 1) restoration priorities developed by IMW partner agencies and those 
identified in the John Day Subbasin Plan, 2) funding availability, 3) the likelihood of the 
restoration action impacting the limiting factors discussed in the previous section, and 4) 
CONSTRAINTS OF THE EXPERIMENTAL DESIGNs.   
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Figure 14.  AT SOME POINT THIS FIGURE NEEDS A CO-0,%4% /6%2(!5, ȣ  
Overview of Middle Fork John Day restoration activities.   
 
Based on these limiting factors restoration actions have been divided into SIX categories; 

1) Channel Reconfiguration;  
2) Fish Passage  
3) Flow Increase; 
4) Grazing Upland/Management; 
5) In stream habitat enhancement, and  
6) Riparian Fencing and Planting. 

 
Each project may address multiple limiting factors.  Descriptions of each restoration category 
and the benefits of each in relation to the limiting factors are considered below.  Appendix A 
lists completed/proposed restoration actions, the restoration category, the limiting factor(s) 
addressed, the completed/proposed implementation date, and whether there is project 
specific effectiveness monitoring associated with the restoration project.   
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We could/should add a fair amount of supporting literature cited to this section to support the 

ASSUMPTIONs that doing X will increase fish populations ï  

Channel Reconfiguration  

These projects include reconnecting the existing channel to old meanders, removing artificial 
ȬÓÔÒÕÃÔÕÒÅÓȭ ×ÈÉÃÈ ÍÏÄÉÆÙ ÔÈÅ ÓÔÒÅÁÍ ÃÈÁÎÎÅÌ, and closing or repairing roads to hydrologically 
disconnect them from the stream, with the primary goal of improving/restoring stream 
processes.  This may include, but is not limited to, removing rip -rap, realignment of the 
channel, and reconnecting side channels. 
 
Objectives of Restoration:  
 
Limiting factors addressed: 

 Temperature through increasing surface/groundwater interaction, restoring 
riparian shading to the river, and narrowing and deepening the channel; 

 Habitat diversity by restoring fluvial and riparian processes (cover, spawning 
gravels, etc); and  

 Sediment Load by reducing impacts from roads, improving upland agricultural 
practices, and restoring vegetation along channel margins. 

 
Total Treatment Amount:  

 How much of each treatment area will be restored (ha, m, m2, total number, etc) 
 
Project examples: 

 Removal of single span log weirs to restore the channels natural shape, reduce the 
width:depth ratio, and reconnect the channel to the floodplain. 

 Reconnecting the river to an old meander, decreasing channel slope, and increasing 
channel length and habitat availability . 

 Removal of dredge tailings to provide access to old side channels. 
 

Reconnecting the channel to old meanders reduces the slope of the channel and increases the 
interaction of surface water with cooler hyporheic flows resulting in cooler water 
temperatures.  In addition, this process, often combined with grade control structures, 
generally increases floodplain interaction, resulting in increased water storage from high 
spring flows. 
 
Removal of artificial structures can include rock barbs, log weirs, railroad grades, levees, and 
other structures placed in or near the stream.  These structures have resulted in over-
widened channels, and reduced potential for channel migration, and reduced connection to 
the flood plain.  Removal of these types of structure combined with restoration of riparian 
vegetation allows the stream to naturally form its channel, generally resulting in a narrower 
and deeper channel which will reduce stream temperature, allow the channel to meander, and 
improve the connection to the floodplain resulting in longer water storage from spring run-off 
and lengthening the shape of the hydrograph. 
 



 

 38 

Table 13.  Objectives and indicators for geomorphology and physical habitat.  Expected 
direction of change is shown by symbols ( ŷ increase; Ź decrease; ź dynamically stable)  
 
Objective  Indicators and hypothesis  
Increase aquatic habitat 
quality/diversity and increase fish 
cover 

Pools/km ŷ 
Deep pools/km ŷ 
Pools adjacent to LWD ŷ 
Fish cover rating ŷ 
% undercut bank ŷ 
Habitat units/km  ŷ 
Gravel size and embeddedness Ź 
% fines in gravels Ź 

Move toward natural channel 
Morphology 

Bankfull width Ź and depth ŷ 
Low flow width Ź and depth ŷ 
W:D Ź 
Sinuosity ŷ 

Increase hydrologic access and 
connectivity to the floodplain 

Stage for a given Q ŷ 
Frequency of flow in side channel ŷ 
(crest-stage gages and high water mark 
elevations)  

Maintain dynamically stable 
reaches, with lateral migration 

Cross-section morphology ź 
Bankfull cross-section area ź 
Bar area and frequency (from remotely-
sensed imagery) ź 
Lateral migration ratesŷ  

Develop relatively stable and 
complex LWD accumulations 

LWD location, persistence and form 

 

Fish Passage  

Reconnecting habitat includes removal of barriers within a stream, such as culverts, weirs, 
small dams, reconnecting old side channels to increase off-channel habitat, and screening 
irrigation diversions .  The limiting factors addressed through these types of projects include 
habitat availability, temperature (thermal refugia), and key habitat quantity (access to less 
disturbed, upstream areas). We need more description of these projects. Which barriers 
were total barriers, what were species distributions pre and post removal,   
 
Some of the PIBO sites are being utilized to evaluate the removal of stream spanning log weirs 
ÉÎÓÔÁÌÌÅÄ ÉÎ #ÁÍÐ #ÒÅÅË ÉÎ ÔÈÅ ρωψπȭÓȢ  4ÈÅÓÅ ×ÅÉÒÓ ×ÅÒÅ ÉÎÓÔÁÌÌÅÄ ×ÉÔÈ ÔÈÅ ÉÎÔÅÎÔ ÏÆ ÃÒÅÁÔÉÎÇ 
pool habitat; however, actual results showed the channel was locked in place by the structure, 
preventing the channel from recovering from other management activities.  In addition, in 
some instances the weirs have created passage barriers preventing juvenile salmonids from 
moving upstream to rear in the cooler waters in the upper reaches of Camp Creek. 
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It is expected that removal of these structures will allow the channel to narrow and deepen, 
decreasing the width to depth ratio of the channel.  In addition, the channel will have the 
ability to become more sinuous and develop a geomorphology similar to undisturbed reaches 
of the stream. 
 
The length of each PIBO monitoring site is dependent on the bank full width.  Data collected 
includes bank full width, width/depth ratio, substrate structure, sinuosity, slope, large woody 
debris, riparian vegetation and macroinvertebrate populations.   
Examples of projects include: 

 Replacement of the culvert on Granite Boulder Creek, which will provide adult and 
juvenile access to 5 km of habitat.  

Flow Increase 

Flow increase projects include the direct acquisition of water rights (i.e., returning X cfs to the 
river), and ###### ##  7Å ÎÅÅÄ ÍÏÒÅ ÄÅÓÃÒÉÐÔÉÏÎ ÏÆ ÐÒÏÊÅÃÔÓ ȣ ×ÈÁÔ ×ÁÓ ÄÏÎÅ ÁÎÄ ÈÏ× ÉÔ 
changed flow (i.e., % increase or total cfs added).  
 
Examples of projects include: 

 Acquisition of ## CFS of water rights, reconnecting spring or side channel flows,    

Grazing and Upland Management 

7Å ÎÅÅÄ Á ÂÅÔÔÅÒ ÄÅÓÃÒÉÐÔÉÏÎ ÏÆ ÁÌÌ ÏÆ ÔÈÅÓÅ ÔÙÐÅÓ ÏÆ ÐÒÏÊÅÃÔÓ ȣ ! ÒÅÐÏÒÔ ÏÎ ÓÏÍÅ ÏÆ ÔÈÅ 
more common ones would give us the proper descriptions and potential effects of such 
projects. Examples include 
 
Also need to separate Upland Grazing enclosures and single tree protective fencing from 
riparian fencing 
 
Forest harvesting/fire management changes 
Grazing changes (off-channel watering) 
Road relocation?? 

In Stream Habitat Enhancement  

In stream habitat enhancement includes projects such as placement of large woody debris 
(LWD), engineered log jams (ELJ), and construction of pool habitat (e.g., excavation of pools).  
These structures increase habitat complexity and may provide deeper, cooler water, hiding 
cover, and improved spawning areas (i.e., pool-tailouts) .  We need a better of these types of 
projects ɀ how many pieces of LWD, which ones have pools excavated and which ones do 
not, size/volume of ELJ versus single pieces of wood, etc.   
 
Limiting factors addressed include: 

 Temperature through increasing habitat complexity; 
 Habitat diversity through habitat development; and 
 Sediment load and sorting through increased channel complexity. 

 



 

 40 

Project examples include: 
 The addition of LWD to the mainstem of the Middle Fork on Dunstan ranch to 

create pool habitat and shade. 

Riparian  Fencing/ Planting  

There is a large number of riparian fencing/planting projects that have and will be completed 
in the Middle Fork IMW study area. These projects include cattle enclosures, CREP, native 
vegetation planting #####. PULL IN ASSESSMENTS FROM BOR assessment to talk about 
historic and current condition.  
7(!4 ÄÏÅÓ 2ÉÐÁÒÉÁÎ ÐÒÏÖÉÄÅ ȣ root structure to the banks resulting in bank stabilization and 
reduced sediment input to the stream.  In addition, riparian vegetation increases shade in 
narrower tributaries reducing solar gain to water temperatures. 
 
Limiting Factors that Riparian Fencing/Planting address include:  

  
 
Examples of Riparian Fencing/Planting restoration are:  

  
 

Monitoring Design 

Biological Monitoring  
Current fish monitoring efforts by ODFW include monitoring of both adult and juvenile life 
history stages of spring Chinook salmon and summer steelhead. Additional information is 
incidentally collected for other species including Pacific lamprey and bull trout. Spawning 
ground surveys that count redds and spawning adults have been conducted for Chinook and 
steelhead in the John Day River basin for more than 45 years (McCormick et al. 2009). Rotary 
screw traps (RST) have been operated since 2004 near Ritter on the Middle Fork (RKM 24), 
and on the proposed control watershed of the South Fork John Day River. These traps 
enumerate juvenile Chinook and steelhead emigrating from the basins above the trap location. 
Juveniles are also implanted with passive integrated transponder (PIT) tags at trap sites 
allowing for measures of abundance from mark/recapture and out-of-basin survival (e.g. 
smolt to adult returns [SAR]). As part of the Middle Fork IMW, macroinvertebrate monitoring 
was initiated in 2009 to augment fisheries surveys. Together the fisheries and 
macroinvertebrate monitoring programs will be used to determine biological responses to 
restoration activities. The primary objectives of the biological monitoring program in the 
Middle Fork IMW study area are to estimate:  
 

 Spawner escapement of summer steelhead and spring Chinook to the MFJDR, 
 Freshwater productivity (smolts/redd) of spring Chinook and summer steelhead, 
 Parr-to-smolt survival for summer steelhead and spring Chinook,  
 Summer distribution of Chinook and steelhead, and 
 Estimate aquatic macroinvertebrate diversity and abundance. 
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The following sections describe biological monitoring techniques and schedules to accomplish 
each objective. Appendix # lists the specific monitoring procedures for each proposed 
restoration project and Table 9 and 11 lists the monitoring activities performed in the 
mainstem and tributaries respectively.   

Escapement  

Chinook redd surveys are conducted over all known Chinook spawning habitat (e.g., a total 
census; Figure ##). Steelhead redd surveys, based on standard ODFW methods (Susac and 
Jacobs 1999; Jacobs et al. 2000; Jacobs et al. 2001), were conducted during the spring (April to 
June) coinciding with steelhead spawn timing in the MFJDR. Survey sites were selected using a 
generalized random tessellation stratification (GRTS) design which randomly selects sites 
based on the spatial structure of the stream network of interest. Sites were then assigned to 
one of three different panels using the Environmental Monitoring and Assessment Protocol 
(EMAP): sites visited every year (Annual Sites), sites visited every other year beginning with 
year-1 (Two-1), or sites visited every other year beginning in year-2 (Two-2). Although 
assigning sites to a panel is usually performed in a random fashion, we were able to 
incorporate sites utilized by another steelhead monitoring project in the John Day River Basin 
into our site selection to utilize their previously collected data and increase personnel and 
resource efficiencies. Thirty sites were selected to be surveyed each year and were equally 
distributed between Annual (n=15) and Two-year sites (n=15 for each panel). Additional sites 
were selected within each panel as replacement sites in the event that a site had to be 
removed due to access restrictions, unidentified in-stream barriers, or unsuitable habitat 
conditions. 
 
We used a 1:100,000 EPA river reach file of summer steelhead distribution in the MFJDR 
subbasin for site selection (Figure 15). This spatial dataset is based on best professional 
knowledge provided by ODFW managers as well as other local agency biologists. The actual 
dataset utilized for site selection was modified to meet the objectives of this project. 
Specifically, stream segments downstream of a rotary screw trap (RST) operated by ODFW at 
river kilometer (Rkm) 24 (River mile 15) were excluded since this area was outside of the 
target IMW area. 
 
Sites were surveyed multiple times, at approximately two week intervals, to quantify the 
number of unique redds constructed at each site, and to account for the temporal variation in 
spawning activity. Survey reaches were approximately 2 km in length and encompassed the 
sample point derived from the EMAP sampling design. Surveyors walked upstream from the 
downstream end of each reach and counted all redds, live fish, and carcasses observed. New 
redds were flagged and the location marked with a GPS unit (dd.dd ɀ WGS84). During each 
visit, surveyors recorded the number of previously flagged and newly observed redds. Redd 
density are estimated using standard ODFW procedures (James et al. 2009, Flesher et al. 
2005; Lance Clarke, Jim Ruzycki, ODFW, unpublished data).  
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Figure 15. Map of summer steelhead distribution used for selecting steelhead spawning survey 

sites, with Annual and Two-2 sites sampled in 2009. The rotary screw trap (MFJDR Screw 

Trap) near Ritter, OR, the lower extent for sampling, is shown for reference. 

 

Parr to Smolt Survival 

Granite Boulder Creek and Camp Creek were selected for intensive juvenile monitoring 
because there is substantial restoration efforts planned in these tributaries and they 
represent different temperature regimes. Camp Creek is generally warmer than Granite 
Boulder Creek during summer months. Each stream was divided into reaches based on the 
current summer steelhead distribution and topographical features from 1:24,000 quad 
topographic maps. Although both summer steelhead and spring Chinook were targeted in this 
sampling, summer steelhead distribution was utilized for both species because steelhead 
distribution encompasses the entire known distribution of spring Chinook. Within each reach, 
three sites were selected for monitoring (Figure 16). Sites were determined by utilizing the 
GIS layer developed by EMAP for steelhead spawning surveys in the MF_IMW. Specifically, the 
first point encountered in each reach proceeding in an upstream direction was selected as a 
sampling site. Depending on whether that point was in the first third, middle third, or latter 
third of the reach, all other site locations in the reach were located a distance equal to 1/3 of 
the reach distance from the other sampling points within that reach, resulting in one sampling 
site occurring in each third of the reach. Coordinates were extracted for each site from ArcGIS 
to locate sites in the field. Because of logistical and time constraints not all sites were sampled 


