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Example 2: Resident rearing life stages – multiple Environmental Attributes based on 
empirically derived index with inferences for synergy 

This example involves two Attributes acting synergistically to produce a total sensitivity 
associated with sediment during the active rearing stage. The rule is based on an empirically 
derived index for sensitivity to suspended sediment, the primary Environmental Attribute in 
this case, and an assumed synergistic effect with temperature. This example illustrates how 
some rules combine a well documented sensitivity relationship with more qualitative 
information to derive an overall effect ascribed to a single Level 3 Factor. 

Effects of suspended sediment, either as turbidity or suspended solids9, on fish are well 
documented (summarized in Bash and others 2001). Suspended sediments can affect fish 
behavior and physiology and result in stress and reduced survival. Temperature acts 
synergistically to increase the effect of suspended sediment (Newcombe and Jensen 1996, 
Bash and others 2001). 

The severity of effect of suspended sediment increases as a function of both sediment 
concentration and exposure time, or dose (Newcombe and Jensen 1996, Bash and others 
2001). Newcombe and Jensen (1996) performed a meta-analysis of data contained in 80 
published and documented reports to assess the effects of dose on fish responses, including 
numerous studies involving salmonids. The analysis yielded empirical equations that relate 
biological response to duration of exposure and suspended sediment, including two that 
specifically address salmonids. The authors synthesized the results of their scale of severity 
(SEV) into likely outcomes for fish species (adapted in Table 4). We aligned our rating 
system of 0-4 to their scale, consistent with our intent to span the general range of effects 
across our rating scale as described earlier (Table 5). 

We interpret Table 5 as seen in Figure 7 -- giving a relationship between life stage survival 
and SEV (based on discussion in Newcombe and Jensen, we assume these results apply to 
actively rearing fish, as well as adult prespawners). Figure 7 is then easily converted to a 
relationship between our rating scale of 0-4 and life stage sensitivity (Figure 8). 

The SEV index is easily computed by expressing suspended sediment in mg/l (which can be 
estimated from turbidity NTUs) and making a reasoned assumption about the percent of time 
during the worst case month (on average) when that concentration is attained. Further 
discussion on how this Attribute is to be rated can be found in Lestelle (2004) 

 

 

 

                                                 
9 / The correlate suspended sediment is described either as turbidity or suspended solids, though the 
latter is preferred. Turbidity is an optical property of water where suspended solids, including very fine 
particles such as clays and colloids, and some dissolved materials cause light to be scattered. It is 
expressed typically in nephelometric turbidity units (NTU). Suspended solids represents the actual 
measure of mineral and organic particles transported in the water column, either expressed as total 
suspended solids or suspended sediment concentration—both as mg/l. Technically, turbidity is not 
normally considered as suspended sediment, but we treat them together since they are usually well 
correlated. 
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Table 5. Scale of severity (SEV) index of ill effects associated with excess suspended sediment 
(adapted from Newcombe and Jensen 1996) and corresponding Level 2 Suspended Sediment 
ratings used in rule formulation. 

SEV Description of effect Level 2 
SS rating 

Nil effect 
0 No behavioral effects 

Behavioral effects 
1 Alarm reaction 
2 Abandonment of cover 
3 Avoidance response 

Sublethal effects 

0 

4 Short-term reduction in feeding rates; short term reduction in feeding success 

5 Minor physiological stress; increase in rate of coughing;  
6 Moderate physiological stress 

1 

7 Impaired homing 

8 Indications of major physiological stress; long-term reduction in feeding rate; 
long-term reduction in feeding success; poor condition 

Lethal and paralethal effects 
9 Reduced growth rate; reduced fish density 

2 

10 0-20% mortality; increased predation 

11 >20 – 40% mortality 3 

12 >40 – 60% mortality 

13 >60 – 80% mortality 
14 >80 – 100% mortality 

4 

 

Although it is readily accepted that higher temperatures act through synergism to increase the 
effect of suspended sediment, the extent of the effect has not yet been quantified in a manner 
to be included directly in the SEV index (Newcombe and Jensen 1996). The authors of the 
SEV state that the effect probably has to do with temperature-related patterns of oxygen 
saturation, respiration rate, and metabolic rate of fishes. From our review, we conclude that a 
noticeable effect of synergy between suspended sediment and temperature is needed in the 
rule to recognize this effect. We therefore assumed what is likely a conservative synergistic 
effect, setting the sensitivity to temperature (maximum) in the rule to add approximately 20-
25% greater effect with intermediate temperature ratings when they occur with intermediate 
suspended sediment ratings.
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Figure 7. Relationship between scale of severity (SEV) index for suspended sediment (SS) and 
percent survival in rearing and prespawning life stages for salmonids – interpreted from 
Newcombe and Jensen (1996). 
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Figure 8. Relationship between ratings for Level 2 Suspended Sediment (SS) and sensitivity of 
salmonids during active rearing stages, derived by converting the relationship in Figure 7. 

An additional note on the effect of sediment during the active rearing stage is warranted. 
Bjornn and Reiser (1991) summarize findings of several studies that suggest that 
embeddedness may further increase the effect of overall sedimentation during active rearing 
stages. Bjornn and Reiser conclude however that the effect likely occurs largely through 
reduced benthos as food for chinook. We concur with this interpretation—we address the 
effect of reduced benthos through the Level 3 factor food and not through sediment load. 

Examples of results obtained by applying the rule described here are provided in Table 6. 
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Table 6. Example results obtained for the rule 0-age resident rearing-Level 3 Sediment Load for 
chinook and coho salmon and steelhead trout. 

Life stage: 0-age resident rearing 

Example 
Attribute 

A B C D E 

Rating 2 2 3 3 3 Suspended sediment 
(Primary) 

Sensitivity 0.098 0.098 0.436 0.436 0.436 

Rating 0 2 0 2 3 Temperature 
(max)(Modifier) 

Sensitivity 0 0.001 0 0.001 0.005 

Relative productivity 0.90 0.84 0.56 0.42 0.29 

Benchmark survival 0.7 0.7 0.7 0.7 0.7 

Absolute survival 0.63 0.59 0.40 0.29 0.20 

 

Example 3: Inactive life stage – multiple Environmental Attributes based on a weight of 
evidence approach, including synergy 

As in the previous case, this example involves two Environmental Attributes, assumed to act 
in synergy to produce a total sensitivity associated with sediment during the inactive rearing 
stage. The rule is based on a weight of evidence from several studies on the impact of 
substrate embeddedness on overwintering juveniles conducted over the past three decades. In 
addition, the rule incorporates a synergistic effect for suspended sediment, here acting as a 
modifying Attribute to embeddedness. 

Embeddedness describes the extent that interstitial spaces between cobble and gravel on the 
substrate surface is filled with fine particles. Some species of salmonids use the voids 
between cobbles as hiding cover during the inactive (overwintering) life stage. It is well 
documented that the capability of the substrate to hold juvenile salmonids during winter 
diminishes as the substrate becomes more embedded (Bjornn and Reiser 1991)implying that 
overall habitat quality during this life stage declines with sedimentation. Further, the overall 
sensitivity to fine sediment during this stage can include effects of suspended sediment, as 
described above for the active rearing stages. Here, however, fish in the inactive stage are 
much less sensitive to suspended sediment (Noggle 1978), apparently because of reduced 
respiratory and metabolic requirements. We therefore allowed for some added effect of 
suspended sediment and assumed that it would operate to increase sensitivity identified with 
embeddedness in this case. 

Efforts to quantify effects of embeddedness on overwintering juvenile chinook are based in 
large part on studies by Bjornn and others (1977). and Hillman and others (1987). Both 
studies reported that juvenile densities were reduced by more than half when cobble substrate 
became highly embedded. Juveniles are known to emigrate at the onset of winter from areas 
of high embeddedness and to keep moving until suitable substrate is found (Bjornn 1978). 
We are not aware of any studies in which mortality was specifically assessed in relation to 
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embeddedness, though it is believed to increase under such conditions (Waters 1995). 
Presumably, some fish emigrate because survival of fish remaining in embedded substrates is 
lower than for migrants that successfully find better habitat. Moreover, if emigrants do not 
find suitable substrates (as must sometimes occur because the extent of sedimentation has 
increased over pristine conditions), their penalty might be an even greater reduction in 
survival than those that do not migrate from poor quality habitat. 

Lacking a quantitative relationship to apply, we drew on Chapman and McLeod's (1987) 
interpretation of the Bjornn and others (1977) and Hillman and others (1987) studies. They 
concluded that a reduction in winter habitat must occur at embeddedness levels somewhere 
between 0% and 66% and at that level or higher that such areas would be made unusable by 
overwintering fish. They also stated: "We have no doubt that functional relationships exist 
between embeddedness and winter holding capacity of the substrate for salmonids, and that 
those relationships differ by fish size and perhaps by species." 

We conclude from the foregoing that it is reasonable to hypothesize a functional relationship 
between the survival of fish that attempt to overwinter in embedded stream reaches and the 
degree of embeddeness.  We hypothesize that the relationship between survival and 
embeddedness would show little effect up to about 66% embeddedness, and then exhibit a 
very rapid decrease in survival above that level (Figure 9). We recast the relationships in 
Figure 9 in terms of sensitivity corresponding to the Level 2 embeddedness ratings (Figure 
10). We assumed that the sensitivities of chinook and steelhead to embeddedness during this 
life stage are the same. Chinook (Chapman and Bjornn 1969, Hillman and others 1987) and 
steelhead (Bjornn 1971, Bustard and Narver 1975, Everest and others 1986) both rely 
extensively on cobbles for overwintering cover. 

In contrast to chinook and steelhead, coho use substrate for overwintering cover much less 
often, preferring undercut banks, rootwads, and off-channel habitat(Bustard and Narver 
1975), Peterson and Reid 1984). When they do use substrate, they prefer unembedded 
cobbles to those that are embedded (Bustard and Narver 1975b). We conclude from this that 
coho are much less sensitive to embedded cobbles during winter than chinook and steelhead 
and formulated a rule accordingly (Figures 9 and 10). 
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Figure 9. Relationships between survival and embeddedness for juvenile chinook, steelhead, and 
coho during the inactive (overwintering) life stage. The relationships are hypothesized based on 
general conclusions in Chapman and McLeod (1987). 
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Figure 10. Relationships between ratings for Level 2 Embeddedness and sensitivity for 
juvenile chinook, steelhead, and coho during the inactive (overwintering) life stage—
assumed based on general conclusions in Chapman and McLeod (1987). Coho 
sensitivity is shown with the thin line. 

Additional mortality due to sedimentation could also occur if pulses of suspended sediment 
are sufficiently high. The tolerance of juvenile salmonids to suspended sediment during 
winter is known to be much higher than during periods of active rearing, likely due to a 
reduced state of activity. Still, some added effect associated with high SS doses is expected. 
We treat this potential effect as operating in a synergistic manner with embeddedness. If 
embeddedness is low, then the effect that might be ascribed to high suspended sediment doses 
should be much lower than if embeddedness is high, when fish should be more exposed to 
suspended sediment. We consider exposure here in the sense that fish would be more likely to 
enter the water column when embeddedness is high, instead of remaining in a resting state 
within the substrate when embeddeness is low. Hence a higher state of activity should make 
them more vulnerable to suspended sediment. 

Examples of results obtained by applying the rule described here are provided in Table 7. 

Table 7. Example results obtained for the rule inactive (overwintering)-Level 3 Sediment Load 
for chinook salmon. 

Life stage: Inactive (overwintering) 
ExampleAttribute 

A B C D E
Rating 2 2 3 3 3 Embeddedness 

(Primary) Sensitivity 0.041 0.041 0.299 0.299 0.299 

Rating 0 2 0 2 3 Suspended sediment 
(Modifier) 

Sensitivity 0 0.008 0 0.008 0.128 

Relative productivity 0.96 0.86 0.70 0.44 0 

Benchmark survival 0.7 0.7 0.7 0.7 0.7 

Absolute survival 0.67 0.61 0.49 0.31 0 
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SECTION 4.  RULES FOR ESTIMATING KEY HABITAT 
Key Habitat is defined as the primary habitat type(s) utilized by a species during a particular 
life stage.  Preference for habitat types changes with life stages. Some life stages, like egg 
incubation, occur almost entirely within three habitat types (i.e., pool-tailouts, glides and 
riffles), while other life stages, like actively migrating fish, use all habitat types. 

The use of habitat types by individual life stages is not necessarily "all or nothing", however. 
For example, resident rearing by 0-age juvenile chinook does not occur equally in those 
habitat types that are utilized, some types that show use appear to be more preferred than 
others, while other types show almost no use. 

The rules for Chinook and coho salmon and for certain life stages for steelhead trout were 
formulated by assigning weights to each habitat type to represent relative levels of preference 
based on patterns reported in the literature and in consultation with knowledgeable biologists. 
In addition, a different type of rule was applied to estimating key habitat for rearing juvenile 
steelhead, described later in this section. Literature used in formulating conclusions on habitat 
utilization are listed below: 

• Chinook:  Everest and Chapman (1972), Healey (1991), and Hayman and others 
(1996) 

• Coho:  Bisson and others.(1988b), Sandercock (1991), Nicklelson and others (1992a, 
1992b) 

• Steelhead:  Hartman (1965), Bisson and others (1988a), Johnson and others (1988), 
Bjornn and Reiser (1991)  

Percent Key Habitat (%KeyHab) for any life stage (except as noted below) was computed to 
be the sum of the weighted percentages of habitat types i within a geographic unit, as follows 

∑ ∗= ii WeightHabTypeKeyHab %%  

where %HabTypei is the percent of wetted channel surface area comprised of habitat type i 
and Weighti is the preference weight for habitat type i in the appropriate life stage. The habitat 
weights are easily derived from densities measured empirically for different habitat types, 
such as data on fish per square meter obtained by electrofishing in different seasons. 

The format for the presentation of rules for the Level 3 Key Habitat attribute is shown in 
Figure 11. 

In contrast to chinook and coho salmon, juvenile steelhead are known to use all habitat types 
for rearing. We therefore employed a relationship described by Johnson and others (1988) to 
compute a factor for adjusting downward percent key habitat, assuming that the percent key 
habitat is 100% at the maximum possible density (benchmark density) for each rearing life 
stage. The relationship estimates the rearing density of steelhead juveniles based on stream 
flow (or width in the absence of flow data) and channel gradient. 
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Level 3 -- Key Habitat 
Species: Chinook          Life Stage: Incubation 

Definition: 

Rule: 

Contributing Level 2 attributes: 
Abbrev. Weight Rationale Level of Proof

HbBckPls 0.00

HbBvrPnds 0.00

HbLrgCbl 0.00

HbPls 0.00

HbSmlCbl 0.60

HbGlide 0.40

HbPlTails 0.80

Example 1 Example 2 Example 3 
Percent of 

reach Weight
Weighted 
percent

Percent of 
reach Weight

Weighted 
percent

Percent of  
reach Weight 

Weighted 
percent

10 0.00 0.0 5 0.00 0.0 0 0.00 0.0

10 0.00 0.0 0 0.00 0.0 0 0.00 0.0

5 0.00 0.0 20 0.00 0.0 50 0.00 0.0

40 0.00 0.0 32 0.00 0.0 20 0.00 0.0

15 0.60 9.0 35 0.60 21.0 25 0.60 15.0

Habitat type - glides 10 0.40 4.0 4 0.40 1.6 2.5 0.40 1.0
10 0.80 8.0 4 0.80 3.2 2.5 0.80 2.0

100 21.0 100 25.8 100 18.0

Chinook spawn in swifter areas of glides, similar to pool-tailouts in  
characteristics. 1

Chinook spawning densities are typically greatest on pool-tailouts.  1

Habitat type - glides 

Habitat type - small cobble/gravel riffles 

Habitat type - pool tailouts 
Sum 

Habitat type - backwater pools 
Habitat type - beaver ponds 
Habitat type - large cobble/boulder riffles 
Habitat type - primary pools 

Habitat type - pool tailouts 

Examples: 
Level 2 attribute 

Habitat type - primary pools 

Habitat type - small cobble/gravel riffles 

Eggs placed by spawners; weighting same as for Spawning.  
Chinook spawning does not typically occur in pools.  2

Eggs placed by spawners; weighting same as for Spawning.  
Chinook spawn heavily on riffles with substrate sizes suitable for  
nest building. 

1

Habitat type - beaver ponds 

Habitat type - large cobble/boulder riffles 

Eggs placed by spawners; weighting same as for Spawning.  
Chinook spawning does not occur in beaver ponds.  1

Eggs placed by spawners; weighting same as for Spawning.  
Substrate size typically too large for chinook spawning in large  
cobble/boulder riffles. 

2

The relative quantity (%) of the primary habitat type(s) utilized by the focus species during a life stage; quantity is 
expressed as percent of wetted surface area of the stream channel. Environmental quality attributes characterize the 
quality of this habitat for the focus species.

The quantity of Key Habitat in a stream reach is computed from reach channel length, channel width, and percent of Key Habitat 
within the reach. Percent Key Habitat is estimated from habitat type composition based on a weighted sum of seven Level 2 
Environmental Attributes (see table below) that quantify stream habitat types.

Level 2 attribute 

Habitat type - backwater pools Eggs placed by spawners; weighting same as for Spawning.  
Chinook spawning does not occur in backwater pools.  1

 
Figure 11.  Example of the use of Key Habitat in EDT for the Incubation life stage of Chinook salmon.  
The Weight is an assumption about the relative preference of the habitat types for the life stage.  The 
lower box shows an example of the weighted percent Key Habitat given a description for a stream 
reach: ∑ ∗= ii WeightHabTypeKeyHab %%  

The rearing density for yearling parr ParrDensity is calculated from the equation 

)%1447.0(25.0 %335.26 GradienteGradientFlowyParrDensit ×−− ×××=  

where Flow is the low flow in cfs and %Gradient is the channel slope. The assumed 
maximum possible parr density was computed at a gradient of 4%. The adjustment factor 
KeyHabAdj to key habitat then is simply 
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ensityBenchmarkDyParrDensitKeyHabAdj ÷=  

where BenchmarkDensity is the benchmark density for the appropriate life stage. 

SECTION 5.  RULES FOR ESTIMATING FOOD 
Food is a Level 3 factor that modifies both productivity and capacity.  In EDT, food affects 
survival through both density-dependent and density independent effects and is an essential 
element of both habitat quantity and quality.  For this reason, Food appears in the Rules 
Viewer as both a habitat quality factor affecting Productivity (Food re: productivity) and a 
habitat quantity attribute affecting Capacity (Food re: capacity). 

A.  Food (re:Capacity) 
The importance of food to population performance is a truism so evident that it is often 
ignored in analyzing salmonid population response to environmental change. The nascent 
understanding of the role of salmon carcasses in affecting basic stream productivity and food 
abundance for juvenile salmonids (Cederholm and others 2001, Stockner 2003) has 
emphasized the need to include food when modeling salmonid response to habitat change. 

The effects of food in EDT are based in large measure on work by Ptolemy (1993).  We use 
the Ptolomy relationship to scale the Benchmark densities (Appendix B) to account for local 
conditions associated with food availability.  Ptolomy developed equations for estimating 
maximum salmonid densities in fluvial habitats based on fish size and nutrient indicators in 
British Columbia streams considered to be at or near full seeding and with little or no 
environmental disturbance.  Further studies since his original publication continue to validate 
the equations (Ron Ptolemy, personal communications). 

Ptolemy's work is built on Allen's (1969) observations that the maximum density of a life 
stage of stream-dwelling salmonids within in an area of stream is a function of fish size.  
Allen's concept was further developed by Grant and Kramer (1990) who concluded that fish 
size explained 87 percent of the variation in territory size.  For a given size of fish, the 
density that can be supported in an area of habitat would be limited by the amount of aquatic 
food available. Mason and Chapman (1965) and Chapman (1966) hypothesized that the 
spatial requirements of fish limit their density below ceilings set by the food supply.  Mason 
(1976) found proof of such food limitation for juvenile coho in a field study where he 
supplemented the natural food abundance in a stream.  Subsequent work in British Columbia 
with nutrient enrichment of streams has produced strong evidence for food limitations 
(Stockner 2003).   

While the concept relating food in streams to maximum fish density is well established, a 
quantitative relationship linking food and density is not available.  To get around this, we 
assume that there is a relationship between stream alkalinity and food.  We then use the 
relationship between alkalinity and fish density developed by Ptolomy (1993) to calculate 
maximum fish density for different life stages.  The key concept in our use of Ptolomy’s 
equation is that while he related stream alkalinity to fish density, the actual relationship is 
between food and fish density.  In other words, alkalinity itself has no direct impact on fish 
density, but rather it has an indirect impact due to its control on general stream productivity 
and, therefore, on food.  In streams with conditions less optimal than those studied by 
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Ptolomy, food is also affected by the health of the benthic invertebrate population, quantity of 
salmon carcasses and the amount of allochthanous inputs from the riparian zone in addition to 
stream alkalinity.  Because of this, we develop a term for use in Ptolomy’s equation that 
incorporates a broader definition of food, and we assume that this food term affects fish 
density in the manner portrayed by Ptolomy for alkalinity alone in the pristine streams he 
studied.  Ptolemy's equation for the relationship between fish density for a life stage and 
alkalinity is: 

35.03300_ −××= SIZEALKADensityFish  

where Fish_Density is measured in fish per m2 of habitat, ALKA is alkalinity and SIZE is fork 
length in cm.10  In EDT, an index of food based on Level 2 Attributes is converted to an 
alkalinity term (ALKA) and used in Ptolomy’s equation to estimate maximum fish density for 
a life stage.  The EDT index of alkalinity based on food attributes for use in Ptolomy’s 
equation is created in two steps: first, development of a food index based on Level 2 
Attributes, and second, creating a relationship between this food index and the stream 
alkalinity term in Ptolomy’s equation. 

The index of food availability in EDT incorporates four Level 2 Environmental Attributes: 

• Alkalinity—use of this attribute is based on knowledge that alkalinity affects primary and 
secondary productivity of streams; 

• Benthic Community Richness—this attribute describes benthic diversity and is a measure 
of how land use affects food availability, measured by the B-IBI; 

• Riparian Function—this attribute reflects potential contributions of terrestrial insects to 
fish food availability; 

• Salmon Carcasses—this attribute defines the relative quantity of salmonid carcasses 
within the area. 

EDT incorporates these four Attributes to derive a FOOD index for each stream as: 

⎥
⎦

⎤
⎢
⎣

⎡
•−= ∑ )(4 

j

b
jj

jATTaFOOD  

where a and b are rule parameters for the Level 2 Attributes of alkalinity, benthos, riparian 
function, and salmon carcasses (ATTj).  This results in an index for Food that is scaled from 
0-4 with a 0 indicating a lack of food and a 4 indicating a super abundance of food (note that 
this is opposite of the categorical ratings for most attributes).   We then associate the range of 
alkalinity seen across the Pacific Northwest to our scale of 0-4 for food ratings (Figure 12).  
This relationship results in a value of “alkalinity” for use in Ptolomy’s equation that 
incorporates a broad measure of food controls applicable to streams with significant 
anthropogenic constraints on environmental conditions.  Using Ptolomy’s equation with this 
food term, we calculate a maximum fish density for a given environmental condition.   

                                                 
10 / The equation differs slightly for coho for reasons given in Ptolemy (1993). 
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Code Attribute Definition Index Value 0 Index Value 1 Index Value 2 Index Value 3 Index Value 4 
PredRisk Predation risk Level of predation risk on 

fish species due to 
presence of top level 
carnivores or unusual 
concentrations of other 
fish eating species. This is 
a classification of per-
capita predation risk, in 
terms of the likelihood, 
magnitude and frequency 
of exposure to potential 
predators (assuming other 
habitat factors are 
constant). NOTE: This 
attribute is being updated 
to distinguish risk posed 
to small bodied fish (<10 
in) from that to large 
bodied fish (>10 in). 

Many or most native 
predators are depressed 
or rare, none are greatly 
increased over natural 
levels, and there is 
expected a significant 
numerical survival 
advantage to fish as a 
result compared to 
historical predator 
abundance. 

Some native predators are 
moderately depressed, 
none are greatly increased 
over natural levels, and 
there is expected some 
small to moderate 
numerical survival 
advantage to fish as a 
result compared to 
historical predator 
abundance. 

Diversity and per-capita 
abundance of predators 
exists so that  predation 
risk is at near-natural level 
and distribution. 

Moderate increase in 
population density or 
moderately concentrated 
population of predator 
species exists due to 
artifacts of human 
alteration of the 
environment (e.g., top-
down food web effects, 
habitat manipulations) 
compared to historical 
condition. 

Excessive population 
density or concentrated 
population of predator 
species exists due to 
artifacts of human 
alteration of the 
environment (e.g., top-
down food web effects, 
habitat manipulations) 
compared to historic 
condition. 

RipFunc Riparian 
function 

A measure of riparian 
function that has been 
altered within the reach. 

Strong linkages with no 
anthropogenic influences. 

>75-90% of functional 
attributes present 
(overbank flows, 
vegetated streambanks, 
groundwater interactions 
typically present). 

50-75% functional 
attribute rating- significant 
loss of riparian 
functioning- minor 
channel incision, 
diminished riparian 
vegetation structure and 
inputs etc. 

25-50% similarity to 
natural conditions in 
functional attributes- 
many linkages between 
the stream and its 
floodplain are severed. 

< 25% functional attribute 
rating: complete severing 
of floodplain-stream 
linkages 

SalmCarcass Salmon 
Carcasses 

Relative abundance of 
anadromous salmonid 
carcasses within 
watershed that can serve 
as nutrient sources for 
juvenile salmonid 
production and other 
organisms. Relative 
abundance is expressed 
here as the density of 
salmon carcasses within 
subdrainages (or areas) 
of the watershed, such as 
the lower mainstem vs the 
upper mainstem, or in 
mainstem areas vs major 
tributary drainages. 

Super abundant -- 
average number of 
carcasses per mile of 
main channel habitat 
(within an appropriately 
designated area) >800. 

Very abundant -- average 
number of carcasses per 
mile of main channel 
habitat (within an 
appropriately designated 
area) >400 and < 800. 

Moderately abundant -- 
average number of 
carcasses per mile of 
main channel habitat 
(within an appropriately 
designated area) >200 
and < 400. 

Not abundant -- average 
number of carcasses per 
mile of main channel 
habitat (within an 
appropriately designated 
area) >25 and <200. 

Very few or none -- 
average number of 
carcasses per mile of 
main channel habitat 
(within an appropriately 
designated area) <25. 
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Code Attribute Definition Index Value 0 Index Value 1 Index Value 2 Index Value 3 Index Value 4 
TmpMonMx Temperature - 

daily 
maximum (by 
month) 

Maximum water 
temperatures within the 
stream reach during a 
month. 

Warmest day < 10 C Warmest day>10 C and 
<16 C 

> 1 d with warmest day 
22-25 C or 1-12 d with 
>16 C 

> 1 d with warmest day 
25-27.5 C or > 4 d (non-
consecutive) with 
warmest day 22-25 C or 
>12 d with >16 C 

> 1 d with warmest day 
27.5 C or 3 d 
(consecutive) >25 C or 
>24 d with >21 C 

TmpMonMn Temperature - 
daily minimum 
(by month) 

Minimum water 
temperatures within the 
stream reach during a 
month. 

Coldest day >4 C < 7 d with <4 C and 
minimum >1 C 

1 to 7 d < 1 C 8 to 15 days < 1 C > 15 winter days < 1 C 

TmpSptVar Temperature - 
spatial 
variation 

The extent of water 
temperature variation 
(cool or warm water 
depending upon season) 
within the reach as 
influenced by inputs of 
groundwater or tributary 
streams, or the presence 
of thermally stratified 
deep pools. 

Super abundant sites of 
groundwater discharge 
into surface waters 
(primary source of stream 
flow), tributaries entering 
reach, or deep pools that 
provide abundant 
temperature variation in 
reach. 

Abundant sites of 
groundwater discharge 
into surface waters, 
tributaries entering reach, 
or deep pools that provide 
abundant temperature 
variation in reach. 

Occasional sites of 
groundwater discharge 
into surface waters, 
tributaries entering reach 
or deep pools that provide 
intermittent temperature 
variation in reach. 

Infrequent sites of 
groundwater discharge 
into surface waters, 
tributaries entering reach 
or deep pools that provide 
infrequent temperature 
variation in reach. 

No evidence of 
temperature variation in 
reach. 



Appendix Table D-1 continued.  Level 2 Environmental Attributes and associated rating definitions. 

EDT Information Structure MBI May 2004 / Page D-19 

Code Attribute Definition Index Value 0 Index Value 1 Index Value 2 Index Value 3 Index Value 4 
Turb Turbidity The severity of suspended 

sediment (SS) episodes 
within the stream reach. 
(Note: this attribute, which 
was originally called turbidity 
and still retains that name for 
continuity, is more correctly 
thought of as SS, which 
affects turbidity.) SS is 
sometimes characterized 
using turbidity but is more 
accurately described through 
suspended solids, hence the 
latter is to be used in rating 
this attribute. Turbidity is an 
optical property of water 
where suspended, including 
very fine particles such as 
clays and colloids, and some 
dissolved materials cause 
light to be scattered; it is 
expressed typically in 
nephelometric turbidity units 
(NTU). Suspended solids 
represents the actual 
measure of mineral and 
organic particles transported 
in the water column, either 
expressed as total suspended 
solids (TSS) or suspended 
sediment concentration 
(SSC)—both as mg/l. 
Technically, turbidity is not SS 
but the two are usually well 
correlated. If only NTUs are 
available, an approximation of 
SS can be obtained through 
relationships that correlate the 
two. The metric applied here 
is the Scale of Severity (SEV) 
Index taken from Newcombe 
and Jensen (1996), derived 
from: SEV = a + b(lnX) + 
c(lnY) , where, X = duration in 
hours, Y = mg/l, a = 1.0642 , 
b = 0.6068, and c = 0.7384. 
Duration is the number of 
hours out of month (with 
highest SS typically) when 
that concentration or higher 
normally occurs. 
Concentration would be 
represented by grab samples 
reported by USGS. See rating 
guidelines. 

SEV Index <= 4.5 Clear 
with infrequent (short 
duration-- several days 
per year) concentrations 
of low concentrations (< 
50 mg/l) of suspended 
sediment. No adverse 
effects on biota of these 
low doses. 

SEV Index >4.5 and <= 
7.5  Occasional episodes 
(days) of low to moderate 
concentrations (<500 
mg/L), though very short 
duration episodes (hours) 
may occur with of higher 
concentrations (500 to 
1000). These 
concentrations are always 
sublethal to juvenile and 
adult salmonids-though 
some behavioral 
modification may occur. 

SEV Index >7.5 and <= 
10.5   Occasional 
episodes of moderate to 
relatively high 
concentrations (>500 and 
<1000 mg/L), though 
shorter duration episodes 
(<1 week) may occur with 
higher concentrations 
(1000-5000 mg/L). The 
higher concentrations 
stated can be expected to 
result in major behavioral 
modification, severe 
stress, severely reduced 
forage success and direct 
mortality. 

SEV Index >10.5 and <= 
12.5   On-going or 
occasional episodes 
(periodic events annually 
lasting weeks at a time) of 
high concentrations of 
suspended sediment 
(>5000 and <10000 
mg/L), or shorter duration 
episodes lasting hours or 
days of higher 
concentrations. These 
conditions result in direct, 
high mortality rates. 

SEV Index >12.5   
Extended periods (month) 
of very high 
concentrations (>10000 
mg/L). These represent 
the most extreme severe 
conditions encountered 
and result in very high 
mortality of fish species. 
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Code Attribute Definition Index Value 0 Index Value 1 Index Value 2 Index Value 3 Index Value 4 
Wdrwl Water 

withdrawals 
The number and relative 
size of water withdrawals 
in the stream reach. 

No withdrawals. Very minor water 
withdrawals with or 
without screening 
(entrainment probability 
considered very low). 

Several of significant 
water withdrawals along 
reach though all sites 
known or believed to be 
screened with effective 
screening devices. (Note: 
one site that withdraws 
substantial portion of flow 
without screening falls 
into this category.) 

Several sites of significant 
water withdrawals along 
reach without screening 
or screening believed to 
be ineffective. (Note: one 
site that withdraws 
substantial portion of flow 
without screening falls 
into this category.) 

Frequent sites of 
significant water 
withdrawals along reach 
without screening or 
screening believed to be 
ineffective. 

WdDeb Wood The amount of wood 
(large woody debris or 
LWD) within the reach. 
Dimensions of what 
constitutes LWD are 
defined here as pieces 
>0.1 m diameter and >2 
m in length. Numbers and 
volumes of LWD 
corresponding to index 
levels are based on 
Peterson et al. (1992), 
May et al. (1997), Hyatt 
and Naiman (2001), and 
Collins et al. (2002). Note: 
channel widths here refer 
to average wetted width 
during the high flow 
month (< bank full), 
consistent with the metric 
used to define high flow 
channel width. Ranges for 
index values are based on 
LWD pieces/CW and 
presence of jams (on 
larger channels). 
Reference to "large" 
pieces in index values 
uses the standard TFW 
definition as those > 50 
cm diameter at midpoint. 

A complex mixture of 
single large pieces and 
accumulations consisting 
of all sizes, decay classes, 
and species origins;  
cross-channel jams are 
present where appropriate 
vegetation and channel 
conditions facilitate their 
existence; large wood 
pieces are a dominant 
influence on channel 
diversity (e.g., pools, 
gravel bars, and mid-
channel islands) where 
channel gradient and flow 
allow such influences. 
Density of LWD (pieces 
per channel width CW) 
consistent with the 
following: channel width 
<25 ft -- 3-10 pieces/CW, 
25-50 ft -- 3-10 
pieces/CW, 50-150 ft -- 7-
30 pieces/CW , 150-400 ft 
-- 20-50 pieces/CW in 
conjunction with large 
jams in areas where 
accumulations might 
occur, >400 ft -- 15-37 
pieces/CW in conjunction 
with large jams in areas 
where accumulations 
might occur. 

Complex array of large 
wood pieces but fewer 
cross channel bars and 
fewer pieces of sound 
large wood due to less 
recruitment than index 
level 1; influences of large 
wood and jams are a  
prevalent influence on 
channel morphology 
where channel gradient 
and flow allow such 
influences. Density of 
LWD (pieces per channel 
width CW) consistent with 
the following: channel 
width <25 ft -- 2-3 
pieces/CW, 25-50 ft -- 2-4 
pieces/CW, 50-150 ft -- 3-
7 pieces/CW , 150-400 ft -
- 10-20 pieces/CW 
(excluding large jams) in 
conjunction with large 
jams in areas where 
accumulations might 
occur, >400 ft -- 8-15 
pieces/CW (excluding 
large jams) in conjunction 
with large jams in areas 
where accumulations 
might occur. 

Few pieces of large wood 
and their lengths are 
reduced and decay 
classes older due to less 
recruitment than in index 
level 1; small debris jams 
poorly anchored in place; 
large wood habitat and 
channel features of large 
wood origin are 
uncommon where 
channel gradient and flow 
allow such influences. 
Density of LWD (pieces 
per channel width CW) 
consistent with the 
following: channel width 
<25 ft -- 1-2 pieces/CW, 
25-50 ft -- 1-2 pieces/CW, 
50-150 ft -- 1-3 
pieces/CW , 150-400 ft -- 
10-20 pieces/CW without 
large jams in areas where 
accumulations might 
occur, >400 ft -- 8-15 
pieces/CW without large 
jams in areas where 
accumulations might 
occur. 

Large pieces of wood rare 
and the natural function of 
wood pieces limited due 
to diminished quantities, 
sizes, decay classes and 
the capacity of the 
riparian streambank 
vegetation to retain pieces 
where channel gradient 
and flow allow such 
influences. Density of 
LWD (pieces per channel 
width CW) consistent with 
the following: channel 
width <25 ft -- 0.33-1 
pieces/CW, 25-50 ft -- 
0.33-1 pieces/CW, 50-150 
ft -- 0.33-1 pieces/CW , 
150-400 ft -- 3-10 
pieces/CW without large 
jams in areas where 
accumulations might 
occur, >400 ft -- 2-8 
pieces/CW without large 
jams in areas where 
accumulations might 
occur. 

Pieces of LWD rare. 
Density of LWD (pieces 
per channel width CW) 
consistent with the 
following: channel width 
<25 ft -- <0.33 
pieces/CW, 25-50 ft -- 
<0.33 pieces/CW, 50-150 
ft -- <0.33 pieces/CW , 
150-400 ft -- <3 
pieces/CW with 
accumulations where they 
might occur, >400 ft -- <2 
pieces/CW with no 
accumulations where they 
might occur. 
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Appendix Table E-1. Level 3 Survival Factors. 

Factor Definition 

Channel stability The effect of stream channel stability (within reach) on the relative survival or 
performance of the focus species; the extent of channel stability is with 
respect to its streambed, banks, and its channel shape and location. 

Chemicals The effect of toxic substances or toxic conditions on the relative survival or 
performance of the focus species. Substances include chemicals and heavy 
metals. Toxic conditions include low pH. 

Competition (with hatchery 
fish) 

The effect of competition with hatchery produced animals on the relative 
survival or performance of the focus species; competition might be for food or 
space within the stream reach. 

Competition (with other 
species) 

The effect of competition with other species on the relative survival or 
performance of the focus species; competition might be for food or space. 

Flow The effect of the amount of stream flow, or the pattern and extent of flow 
fluctuations, within the stream reach on the relative survival or performance of 
the focus species. Effects of flow reductions or dewatering due to water 
withdrawals are to be  included as part of this attribute. 

Food The effect of the amount, diversity, and availability of food that can support 
the focus species on the its relative survival or performance.  

Habitat diversity The effect of the extent of habitat complexity within a stream reach on the 
relative survival or performance of the focus species. 

Harassment The effect of harassment, poaching, or non-directed harvest (i.e., as can 
occur through hook and release) on the relative survival or performance of 
the focus species. 

Key habitat The relative quantity of the primary habitat type(s) utilized by the focus 
species during a life stage; quantity is expressed as percent of wetted surface 
area of the stream channel. 

Obstructions The effect of physical structures impeding movement of the focus species on 
its relative survival or performance within a stream reach; structures include 
dams and waterfalls. 

Oxygen The effect of  the concentration of dissolved oxygen within the stream reach 
on the relative survival or performance of the focus species. 

Pathogens The effect of pathogens within the stream reach on the relative survival or 
performance of the focus species. The life stage when infection occurs is 
when this effect is accounted for. 

Predation The effect of the relative abundance of predator species on the relative 
survival or performance of the focus species. 

Sediment load The effect of the amount of the amount of fine sediment present in, or passing 
through, the stream reach on the relative survival or performance of the focus 
species. 

Temperature The effect of water temperature with the stream reach on the relative survival 
or performance of the focus species. 

Withdrawals (or 
entrainment) 

The effect of entrainment (or injury by screens) at water withdrawal structures 
within the stream reach on the relative survival or performance of the focus 
species. This effect does not include dewatering due to water withdrawals, 
which is covered by the flow attribute. 
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Appendix Table F-1.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival Factor values 
through rule sets for chinook salmon. 

Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

Spawning Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow Flow - Intra daily 
(diel) variation 

      

 Food no effects       

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 Key Habitat Small cobble/gravel 
riffles 

Pool tailouts Glides     

 Obstructions no effects       

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk       

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals no effects       

Incubation Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals/Pollutants - 
in sediments/soils 

Metals - in water 
column 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow Flow - Intra daily 
(diel) variation 

      

 Food no effects       

 Habitat diversity No effect       

 Harassment Harassment       

 Key Habitat Small cobble/gravel 
riffles 

Pool tailouts Glides     

 Obstructions No effects       

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation No effect       

 Sediment load Fine sediment       

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals No effects       

Fry 
colonization 

Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

No effects       

 Competition (with 
other species) 

Fish community 
richness 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Flow Flow - change in 
interannual 

variability in high 
flows 

Confinement - 
natural 

Confinement - 
Hydromodifications

Gradient Flow - change in 
intra-annual 

variability (flow 
flashiness) 

Riparian function Wood 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Food Alkalinity Salmon Carcasses Benthos diversity 
and production 

Riparian function    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood Icing  

 Harassment no effects       

 Key Habitat Backwater pools Beaver ponds Primary pools Pool tailouts Glides Small cobble/gravel 
riffles 

Large cobble riffles

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Embeddedness      

 Temperature Temperature - daily 
minimum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

0-age resident 
rearing 

Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

Hatchery fish 
outplants 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Competition (with 
other species) 

Fish community 
richness 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Flow Flow - changes in 
interannual 

variability in low 
flows 

Embeddedness Habitat type - 
backwater pools 

Habitat type - 
beaver ponds 

Habitat type - 
primary pools 

Confinement - 
natural 

Confinement - 
Hydromodifications

 Flow (continued)  Riparian function Wood     

 Food Alkalinity Salmon Carcasses Benthos diversity 
and production 

Riparian function    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 Key Habitat Primary pools Backwater pools Glides Pool tailouts Beaver ponds Large cobble riffles Off-channel habitat 
(just coho) 

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

0-age transient 
rearing 

Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

Hatchery fish 
outplants 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Competition (with 
other species) 

Fish community 
richness 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Flow Flow - changes in 
interannual 

variability in low 
flows 

Embeddedness Habitat type - 
backwater pools 

Habitat type - 
beaver ponds 

Habitat type - 
primary pools 

Confinement - 
natural 

Confinement - 
Hydromodifications

 Flow (continued)  Riparian function Wood     

 Food Alkalinity Salmon Carcasses Benthos diversity 
and production 

Riparian function    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Key Habitat Primary pools Backwater pools Glides Pool tailouts Beaver ponds Large cobble riffles  

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

0-age migrant Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow no effects       

 Food no effects       

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment no effects       

 Key Habitat <all habitat types applied equally>  

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

0-age Inactive Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow Flow - change in 
interannual 

variability in high 
flows 

Confinement - 
natural 

Confinement - 
Hydromodifications

Gradient Flow - change in 
intra-annual 

variability (flow 
flashiness) 

Riparian function Wood 

 Food Alkalinity Salmon Carcasses Benthos diversity 
and production 

Riparian function    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment Harassment       

 Key Habitat Primary pools Backwater pools Beaver ponds Glides Large cobble riffles 
just chinook 

  

 Obstructions no effects       

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
minimum (by 

Hatchery fish 
outplants 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

month) 

 Sediment load Embeddedness Turbidity (susp. 
sed.) 

     

 Temperature Temperature - daily 
minimum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

1-age resident 
rearing 

Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

Hatchery fish 
outplants 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Competition (with 
other species) 

Fish community 
richness 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Flow Flow - change in 
interannual 

variability in high 
flows 

Confinement - 
natural 

Confinement - 
Hydromodifications

Gradient Flow - change in 
intra-annual 

variability (flow 
flashiness) 

Riparian function Wood 

 Food Alkalinity Salmon Carcasses Benthos diversity 
and production 

Riparian function    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 Key Habitat Primary pools Backwater pools Glides Pool tailouts Beaver ponds Large cobble riffles  

 Obstructions no effects       

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Temperature Temperature - daily 
minimum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

1-age migrant Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow no effects       

 Food no effects       

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment no effects       

 Key Habitat <all habitat types applied equally>  

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
minimum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

Prespawning 
migrant 

Channel stability no effects       



Appendix Table F-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for chinook salmon. 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow Flow - changes in 
interannual 

variability in low 
flows 

      

 Food no effects       

 Habitat diversity Gradient Confinement - 
Hydromodifications

Riparian function Wood    

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 KeyHabitat <all habitat types applied equally>  

 Obstructions Obstructions to fish 
migration2 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk       

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals no effects       

Prespawning 
holding 

Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

no effects       



Appendix Table F-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for chinook salmon. 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Competition (with 
other species) 

no effects       

 Flow Flow - changes in 
interannual 

variability in low 
flows 

Embeddedness Habitat type - 
backwater pools 

Habitat type - 
beaver ponds 

Habitat type - 
primary pools 

Confinement - 
natural 

Confinement - 
Hydromodifications

 Flow (continued)  Riparian function Wood     

 Food no effects       

 Habitat diversity Gradient Confinement - 
Hydromodifications

Riparian function Wood    

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 Key Habitat Primary pools Glides Large cobble riffles     

 Obstructions no effects       

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk       

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals no effects       
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Appendix Table G-1.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival Factor values 
through rule sets for coho salmon. 

Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

Spawning Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow Flow - Intra daily 
(diel) variation 

      

 Food no effects       

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 Key Habitat Small cobble/gravel 
riffles 

Pool tailouts Glides     

 Obstructions no effects       

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk       

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals no effects       

Incubation Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals/Pollutants - 
in sediments/soils 

Metals - in water 
column 

    



Appendix Table G-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for coho salmon. 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow Flow - Intra daily 
(diel) variation 

      

 Food no effects       

 Harassment Harassment       

 Key Habitat Small cobble/gravel 
riffles 

Pool tailouts Glides     

 Obstructions No effects       

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Sediment load Fine sediment       

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals No effects       

Fry 
colonization 

Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

No effects       

 Competition (with 
other species) 

Fish community 
richness 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Flow Flow - change in 
interannual 

variability in high 
flows 

Confinement - 
natural 

Confinement - 
Hydromodifications

Gradient Flow - change in 
intra-annual 

variability (flow 
flashiness) 

Riparian function Wood 

 Food Alkalinity Salmon Carcasses Benthos diversity 
and production 

Riparian function    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood Icing  



Appendix Table G-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for coho salmon. 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Harassment no effects       

 Key Habitat Backwater pools Beaver ponds Primary pools Pool tailouts Glides Small cobble/gravel 
riffles 

Large cobble riffles

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Embeddedness      

 Temperature Temperature - daily 
minimum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

0-age resident 
rearing 

Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

Hatchery fish 
outplants 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Competition (with 
other species) 

Fish community 
richness 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Flow Flow - changes in 
interannual 

variability in low 
flows 

Embeddedness Habitat type - 
backwater pools 

Habitat type - 
beaver ponds 

Habitat type - 
primary pools 

Confinement - 
natural 

Confinement - 
Hydromodifications

 Flow (continued)  Riparian function Wood     

 Food Alkalinity Salmon Carcasses Benthos diversity 
and production 

Riparian function    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 Key Habitat Primary pools Backwater pools Glides Pool tailouts Beaver ponds Large cobble riffles Off-channel habitat 



Appendix Table G-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for coho salmon. 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Key Habitat 
(continued) 

 Small cobble/gravel 
riffles 

     

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

0-age migrant Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow no effects       

 Food no effects       

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment no effects       

 Key Habitat <all habitat types applied equally>  

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       



Appendix Table G-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for coho salmon. 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

0-age Inactive Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow Flow - change in 
interannual 

variability in high 
flows 

Confinement - 
natural 

Confinement - 
Hydromodifications

Gradient Flow - change in 
intra-annual 

variability (flow 
flashiness) 

Riparian function Wood 

 Food Alkalinity Salmon Carcasses Benthos diversity 
and production 

Riparian function    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment Harassment       

 Key Habitat Primary pools Backwater pools Beaver ponds Glides Off-channel habitat   

 Obstructions no effects       

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
minimum (by 

Hatchery fish 
outplants 

  



Appendix Table G-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for coho salmon. 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

month) 

 Sediment load Embeddedness Turbidity (susp. 
sed.) 

     

 Temperature Temperature - daily 
minimum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

1-age resident 
rearing 

Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

Hatchery fish 
outplants 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Competition (with 
other species) 

Fish community 
richness 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Flow Flow - change in 
interannual 

variability in high 
flows 

Confinement - 
natural 

Confinement - 
Hydromodifications

Gradient Flow - change in 
intra-annual 

variability (flow 
flashiness) 

Riparian function Wood 

 Food Alkalinity Salmon Carcasses Benthos diversity 
and production 

Riparian function    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 Key Habitat Primary pools Backwater pools Glides Pool tailouts Beaver ponds Large cobble riffles Small cobble/gravel 
riffles 

 Key Habitat 
(continued) 

 Off-channel habitat      

 Obstructions no effects       

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

     



Appendix Table G-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for coho salmon. 

EDT Information Structure MBI May 2004 / Page G-8 

Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

month) 

 Temperature Temperature - daily 
minimum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

1-age migrant Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow no effects       

 Food no effects       

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment no effects       

 Key Habitat <all habitat types applied equally>  

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
minimum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       



Appendix Table G-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for coho salmon. 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

Prespawning 
migrant 

Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow Flow - changes in 
interannual 

variability in low 
flows 

      

 Food no effects       

 Habitat diversity Gradient Confinement - 
Hydromodifications

Riparian function Wood    

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 KeyHabitat <all habitat types applied equally>  

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk       

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals no effects       

Prespawning 
holding 

Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    



Appendix Table G-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for coho salmon. 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow Flow - changes in 
interannual 

variability in low 
flows 

Embeddedness Habitat type - 
backwater pools 

Habitat type - 
beaver ponds 

Habitat type - 
primary pools 

Confinement - 
natural 

Confinement - 
Hydromodifications

 Flow (continued)  Riparian function Wood     

 Food no effects       

 Habitat diversity Gradient Confinement - 
Hydromodifications

Riparian function Wood    

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 Key Habitat Primary pools Glides Large cobble riffles     

 Obstructions no effects       

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk       

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals no effects       
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Appendix Table H-1.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival Factor values 
through rule sets for steelhead trout. 

Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

Spawning Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

No effect       

 Competition (with 
other species) 

No effect       

 Flow Flow - Intra daily 
(diel) variation 

      

 Food no effects       

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 KeyHabitat Habitat type- small 
cobble/gravel riffles

Habitat type- pool 
tailouts 

Habitat type-glides     

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk       

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

Incubation Channel stability Bed scour Icing Riparian function Wood Confinement - 
Hydromodifications

Flow - change in 
interannual 

variability in high 
flows 

Flow - intra-annual 
flow pattern 

 Chemicals Miscellaneous toxic 
pollutants - water 

Metals/Pollutants - 
in sediments/soils 

Metals - in water 
column 

    



Appendix Table H-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for steelhead trout. 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 
column 

 Competition (with 
hatchery fish) 

No effect       

 Competition (with 
other species) 

No effect       

 Flow Flow - Intra daily 
(diel) variation  

Flow - change in 
interannual 

variability in low 
flows 

     

 Food no effects       

 Habitat diversity No effect       

 Harassment Harassment       

 KeyHabitat Habitat type- small 
cobble/gravel riffles

Habitat type- glides Habitat types- pool 
tailouts 

    

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation No effect       

 Sediment load Fine sediment       

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

Fry 
colonization 

Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

No effect       

 Competition (with 
other species) 

Fish community 
richness 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   



Appendix Table H-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for steelhead trout. 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Flow Flow - change in 
interannual 

variability in high 
flows 

Confinement - 
natural 

Confinement - 
Hydromodifications

Gradient Flow - intra-annual 
flow pattern 

Riparian function Wood 

 Food Alkalinity Benthos diversity Riparian function Salmon Carcasses    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood Icing  

 Harassment no effects       

 KeyHabitat Habitat type- 
backwater pools 

Habitat type- 
beaver ponds 

Habitat type- large 
cobble/boulder 

riffles 

Habitat type- 
primary pools 

Habitat type- small 
cobble/gravel riffle

Habitat type- glides Habitat type- pool 
tailouts 

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Embeddedness      

 Temperature Temperature - daily 
minimum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

0-age resident 
rearing 

Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

Hatchery fish 
outplants 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Competition (with 
other species) 

Fish community 
richness 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Flow Flow - changes in 
interannual 

variability in low 
flows 

Embeddedness Riparian function Wood Confinement - 
Hydromodifications

Confinement - 
natural 

Confinement - 
Hydromodifications



Appendix Table H-1 continued.  Associations used in translating Level 2 Environmental Attribute values to Level 3 Survival 
Factor values through rule sets for steelhead trout. 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Food Alkalinity Benthos Diversity Riparian function Salmon Carcasses    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 KeyHabitat All habitat types 
incorporated 

      

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

0-age migrant Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

No effect       

 Competition (with 
other species) 

No effect       

 Flow No effect       

 Food no effects       

 Habitat diversity Riparian function Confinement - 
natural 

Confinement - 
Hydromodifications

Wood    

 Harassment No effect       
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Key Habitat Habitat type- 
backwater pools 

Habitat type- 
beaver ponds 

Habitat type- glides Habitat type-large 
cobble/boulder 

riffles 

Habitat type- pool 
tailouts 

Habitat type- 
primary pools 

Habitat type- small 
cobble/gravel riffles

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temper1ature - 
daily maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

0-age Inactive Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

No effect       

 Competition (with 
other species) 

No effect       

 Flow Flow - change in 
interannual 

variability in high 
flows 

Confinement - 
natural 

Confinement - 
Hydromodifications

Gradient Flow-intra-annual 
flow pattern 

Riparian function Wood 

 Food Benthos diversity 
and production 

Alkalinity Riparian function Salmon Carcasses    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood Icing  

 Harassment Harassment       

 KeyHabitat All habitat types 
incorporated 

      

 Obstructions Obstructions to fish 
migration 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
minimum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Embeddedness Turbidity (susp. 
sed.) 

     

 Temperature Temperature - daily 
minimum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

1-age resident 
rearing 

Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

Hatchery fish 
outplants 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Competition (with 
other species) 

Fish community 
richness 

Alkalinity Benthos diversity 
and production 

Riparian function Salmon Carcasses   

 Flow Flow - change in 
interannual 

variability in high 
flows 

Confinement - 
natural 

Confinement - 
Hydromodifications

Gradient Flow- intra-annual 
flow pattern 

Riparian function Wood 

 Food Alkalinity Benthos diversity Riparian function Salmon Carcasses    

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood Icing  

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 KeyHabitat All habitat types 
incorporated 

      

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
minimum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

1-age migrant Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

no effects       

 Competition (with 
other species) 

no effects       

 Flow no effects       

 Food no effects       

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood Icing  

 Harassment Harassment       

 KeyHabitat Habitat type- 
backwater pools 

Habitat type- 
beaver ponds 

Habitat type- glides Habitat type- large 
cobble/boulder 

riffles 

Habitat type-pool 
tailouts 

Habitat type- 
primary pools 

Habitat type- small 
cobble/gravel riffles

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Temperature Temperature - daily 
minimum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals Water withdrawals       

1-age inactive Channel stability Bed Scour Icing Riparian Function Wood    

 Chemicals Misc toxic 
pollutants- water 

column 

Metals/Pollutants- 
in sediments/soils 

Metals- in water 
column 

    

 Competition (with 
hatchery fish) 

No effect       

 Competition (with 
other species) 

No effect       

 Flow Flow- change in 
interannual 

variability in high 
flows 

Confinement- 
Hydromodifications

Confinement- 
natural 

Gradient Flow- intra-annual 
flow pattern 

Riparian function Wood 

 Food Alkalinity Salmon Carcasses Benthos diversity Riparian function    

 Habitat diversity Gradient Confinement- 
Hydromodifications

Confinement- 
natural 

Riparian Function Wood   

 Harassment No effect       

 KeyHabitat        

 Obstructions        

 Oxygen Dissolved Oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature- daily 
Max (by month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature- daily 
Min (by month) 

Hatchery fish 
outplants 

  

 Sediment load Embeddedness Turbidity      

 Temperature Temperature- daily 
Min (by month) 

Temperature- 
spatial variation 

     

 Withdrawals Water withdrawals       
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

2+ age 
resident 
rearing 

Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Misc toxic 
pollutants- water 

column 

Metals/Pollutants- 
in sediments/soils 

Metals- in water 
column 

    

 Competition (with 
hatchery fish) 

Hatchery fish 
outplants 

Alkalinity Benthos diversity Riparian function Salmon Carcasses   

 Competition (with 
other species) 

Fish community 
richness 

Alkalinity Benthos diversity Riparian function Salmon Carcasses   

 Flow Flow- change in 
interannual 

variability in high 
flows 

Confinement- 
Hydromodifications

Confinement- 
natural 

Gradient Flow- intra-annual 
flow pattern 

Riparian function Wood 

 Food Alkalinity Salmon Carcasses Benthos diversity Riparian function    

 Habitat diversity Gradient Confinement- 
Hydromodifications

Confinement- 
natural 

Riparian function Wood   

 Harassment Harassment Habitat type- 
primary pools 

Riparian function Turbidity Wood   

 KeyHabitat        

 Obstructions        

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature- daily 
Max (by month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature- daily 
Max (by month) 

   

 Sediment load Turbidity Temperature- daily 
Max (by month) 

     

 Temperature Temperature- daily 
Max (by month) 

Temperature- daily 
Min (by month) 

Temperature- 
spatial variation 

    

 Withdrawals Water withdrawals       

2+ age migrant Channel stability No effect       

 Chemicals Misc toxic 
pollutants- water 

column 

Metals/Pollutants- 
in sediments/soils 

Metals- in water 
column 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Competition (with 
hatchery fish) 

No effect       

 Competition (with 
other species) 

No effect       

 Flow No effect       

 Food No effect       

 Habitat diversity Riparian function Confinement- 
Hydromodifications

Confinement- 
natural 

 Wood    

 Harassment No effect       

 Key Habitat Habitat type- 
backwater pools 

Habitat type- 
beaver ponds 

Habitat type- glides Habitat type- large 
cobble/boulder 

riffles 

Habitat type- pool 
tailouts 

Habitat type- 
primary pools 

Habitat type- small 
cobble/gravel riffles

 Obstructions        

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature- daily 
Max (by month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature- daily 
Max (by month) 

Hatchery fish 
outplants 

  

 Sediment load Turbidity Temperature- daily 
Max (by month) 

     

 Temperature Temperature- daily 
Max (by month) 

Temperature- 
spatial variation 

     

 Withdrawals Water withdrawals       

2+ age inactive Channel stability Bed scour Icing Riparian function Wood    

 Chemicals Misc toxic 
pollutants- water 

column 

Metals/Pollutants- 
in sediments/soils 

Metals- in water 
column 

    

 Competition (with 
hatchery fish) 

No effect       

 Competition (with 
other species) 

No effect       

 Flow Flow- change in 
interannual 

variability in high

Confinement- 
Hydromodifications

Confinement- 
natural 

Gradient Flow- intra-annual 
flow pattern 

Riparian function Wood 
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

flows 

 Food Alkalinity Salmon Carcasses Benthos diversity Riparian function    

 Habitat diversity Gradient Confinement- 
Hydromodifications

Confinement- 
natural 

Riparian function Wood   

 Harassment No effect       

 KeyHabitat        

 Obstructions        

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature- daily 
Max (by month) 

Nutrient enrichment    

 Predation Predation risk Fish community 
richness 

Fish species 
introductions 

Temperature- daily 
Min (by month) 

Hatchery fish 
outplants 

  

 Sediment load Embeddedness Turbidity      

 Temperature Temperature- daily 
Min (by month) 

Temperature- 
spatial variation 

     

 Withdrawals Water withdrawals       

Prespawning 
migrant 

Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

No effect       

 Competition (with 
other species) 

No effect       

 Flow Flow - changes in 
interannual 

variability in low 
flows 

      

 Food no effects       

 Habitat diversity Gradient Confinement - 
natural 

Confinement - 
Hydromodifications

Riparian function Wood   
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 KeyHabitat Habitat type- 
backwater pools 

Habitat type- 
beaver ponds 

Habitat type- glides Habitat type- large 
cobble/boulder 

riffles 

Habitat type- pool 
tailouts 

Habitat type- 
primary pools 

Habitat type-small 
cobble/gravel riffles

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk       

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals No effects       

         

Prespawning 
holding 

Channel stability no effects       

 Chemicals Miscellaneous toxic 
pollutants - water 

column 

Metals - in water 
column 

Metals/Pollutants - 
in sediments/soils 

    

 Competition (with 
hatchery fish) 

No effects       

 Competition (with 
other species) 

No effects       

 Flow Flow - changes in 
interannual 

variability in low 
flows 

Embeddedness Habitat type - 
backwater pools 

Habitat type - 
beaver ponds 

Habitat type - 
primary pools 

Confinement - 
natural 

Confinement - 
Hydromodifications

 Flow (cont)  Riparian function Wood     

 Food no effects       

 Habitat diversity Gradient Confinement - 
Hydromodifications

Riparian function Wood    
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Level 2 Environmental Attribute 
Life stage Level 3 Survival 

Factor 
Primary Modifying Modifying Modifying Modifying Modifying Modifying 

 Harassment Harassment Habitat type - 
primary pools 

Riparian function Turbidity (susp. 
sed.) 

Wood   

 KeyHabitat Habitat type- 
primary pools 

Habitat type- glides Habitat type- large 
cobble/boulder 

riffles 

    

 Obstructions Obstructions to fish 
migration 

      

 Oxygen Dissolved oxygen       

 Pathogens Fish pathogens Fish species 
introductions 

Temperature - daily 
maximum (by 

month) 

Nutrient enrichment    

 Predation Predation risk       

 Sediment load Turbidity (susp. 
sed.) 

Temperature - daily 
maximum (by 

month) 

     

 Temperature Temperature - daily 
maximum (by 

month) 

Temperature - 
spatial variation 

     

 Withdrawals No effect       
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